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I .  INTRODUCTION 

T h i s   r e p o r t   d e s c r i b e s   t h e   r e s u l t s  of a program t o   d e s i g n   a n d   e v a l u -  

a te  1 - i n c h ,   r e f r a c t o r y  metal a l l o y ,   m e t e r i n g   a n d   i s o l a t i o n   v a l v e s   f o r  

a l k a l i  metal s e r v i c e  i n  t h e  1200' t o  1900 'F   t empera tu re   r ange   fo r  5000 

h o u r s   i n   a n   u l t r a h i g h  vacuum envi ronment .  In  a d d i t i o n  t o  de te rmin ing  

t h e   m e c h a n i c a l   c y c l i n g   a n d   t e m p e r a t u r e   c a p a b i l i t i e s  of t h e   v a l v u s ,   t h e  

s o l i d   p h a s e   b o n d i n g   c h a r a c t e r i s t i c s  of t h e   i s o l a t i o n   v a l v e   p l u g   a n d  seat 

were a l s o   d e t e r m i n e d .  The Cb-1Zr Pumped Sodium  Loop(') wh ich   was   bu i l t  

and   ope ra t ed   unde r   Con t rac t  NAS 3-2547 was r e c o n s t r u c t e d   f o r   t h e   v a l v e  

test i n   t h e   e x i s t i n g   2 - f o o t - d i a m e t e r  by 5- foot -h igh  vacuum  chamber. 

A l though   va lves   o f   t he   t ype   t e s t ed   wou ld  more l i k e l y  be  used i n   t h e  

p o t a s s i u m   c i r c u i t  of a Rankine  Cycle  space  power  system,  l i thium was 

s e l e c t e d  as t h e  tes t  f l u i d   s i n c e   t h e   l i t h i u m   c o r r o s i o n   r e s i s t a n c e  of 

a d v a n c e d   r e f r a c t o r y   a l l o y   c o n t a i n m e n t   m a t e r i a l s  was a l s o   t o   b e   e v a l u a t e d  

i n   t h i s   l o o p .  

S h e e t   t e n s i l e   s p e c i m e n s  ( t w o  specimens  each  of  T-111,  T-222, ASTAR 

811, ASTAR 81112, ASTAR SllCN,  and W-Re-Mo Alloy  256)* were l o c a t e d   i n  

t h e   h e a t   r e j e c t i o n   s e c t i o n  of t h e   l o o p   c i r c u i t   w h i c h   o p e r a t e d  a t  a maxi- 

mum tempera tu re  of 2100'F  and a minimum temperature  of  1900'F.  

Three Cb-1Zr s l a c k   d i a p h r a g m   p r e s s u r e   t r a n s d u c e r s  were used t o  

o b t a i n   t h e   o p e r a t i n g   c h a r a c t e r i s t i c s   o f   t h e  EM pump a n d   t h e   p r e s s u r e  

d r o p   a c r o s s   t h e   1 - i n c h   m e t e r i n g   v a l v e   d u r i n g   l o o p   o p e r a t i o n .  

( l)H@ffman, E .   E .  and  Holowach, J. ,  Cb-1Zr Pumped Sodium  Loop, NASA 
CR-1135,  November 1968.  

C o m p o s i t i o n   o f   t h e s e   a l l o y s  is g i v e n   i n   T a b l e  I , S e c t i o n  I1 
* 
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The v a l v e s  were a c t u a t e d   d u r i n g   t h e   l o o p  test unde r   s imu la t ed  

o p e r a t i o n a l   c o n d i t i o n s   g i v e n   b e l o w :  

Li thium 
Temperature 

A t  Valves OF 

1200 

1400 

1600 

1700 

1800 

1900 

T e s t  
Pe r iod  

Hours 

100 

200 

2 00 

500 

5 00 

1000 

Tot a1 
Tes t  

Hours 

100 

300 

500 

1000 

1500 

2500 

1900 500  3000 

1900 500  3500 

1900 500  4000 

1900 500  4500 

1900 5 00 5000 

Cumulat ive C y c l e s  Cumulative C y c l e s  
On I s o l a t i o n  Va lves  On Metering  Valve 

Full T r a v e l   1 / 4  T r a v e l  3 /4   Trave l  

2 

6 

10 

15 

25  

45  

55 

65 

75  

85 

95 

10 2 

30 6 

50 10 

100 20 

150  30 

250  50 

300  60 

350 70 

400 80 

450 90 

500 100 

The i s o l a t i o n   v a l v e  was   c losed   and   ma in ta ined   i n   t he   c losed   pos i t i on  

u s i n g  12 i n - l b  of t o r q u e  on t h e   m a g n e t i c   r o t a r y   f e e d t h r o u g h   d u r i n g   t h e  

s t e a d y   s t a t e   o p e r a t i o n .  The t o r q u e   r e q u i r e d   t o   u n s e a t   t h e   v a l v e   p l u g  on 

t h e  v a l v e  was measu red   a t   t he   end  of each   s t eady  s t a t e  r u n .  

Upon completion  of  5000  hours of o p e r a t i o n ,   t h e   l o o p  was comple te ly  

d i s m a n t l e d   f o r   m e t a l l u r g i c a l   e v a l u a t i o n   o f   t h e   e f f e c t s  of l i t h ium  exposure  

upon the   va r ious   componen t s  and tes t  spec imens   i n   t he   sys t em.  

2 



11. VALVE  TEST DESIGN 

A .  DESIGN ~ p p  O F  THE  METERING AND ISOLATION  VALVES 

1. I n i t i a l  Design 

Refractory  a l loy,   bel lows  sealed  valves  are not  commercially  avail-  

able  because of t h e   l i m i t e d  demand.  The procurement of r e f r ac to ry   va lves  

even on spec ia l   o rde r  is  a complex process   s ince  commercial valve manu- 

f a c t u r e r s  are not famil iar  w i th   r e f r ac to ry  metal p rope r t i e s  and  technology 

and do   no t   have   the   spec ia l   weld ing   and   hea t   t rea t ing   fac i l i t i es   requi red  

i n   . j o i n i n g   r e f r a c t o r y   a l l o y   p a r t s .  However, arrnngenlents  can be 111ade wi th  

several   valve  manufacturers  t o  design  and  machine a l l  necessary  valve 

components w i th   t he   we ld ing ,   hea t   t r ea t ing  and material control  being  done 

by the  customer.  

The design of the  meter ing and i s o l a t i o n   v a l v e s  was subcontracted 

t o  Hoke, Inc . ,   C res sk i l l ,  New Jersey,   wi th  s imilar   arrangements   as  

previously  negot ia ted on the  procurement  of Cb-1Zr a l loy   va lves  fo r  t h e  

Cb-1Zr Rankine  System  Corrosion  Test Loop. (2) The gene ra l   des ign   spec i -  

f ica t ions   submi t ted  t o  Hoke, Inc.  were as follows: 

Type: Bellows seal,   manually  operated 

Maximum  Body Temperature:  1900°F 

Maximum Pressure :  200 p s i a  

Fluid:  Lithium 

Mater ia l s :  A l l  p a r t s   i n   c o n t a c t   w i t h   p r o c e s s   f l u i d  t o  be T-111 
except a  W-25Re a l loy   p lug  and a rhenium s e a t  * 

Valve  Stem  Tnrust  Device:  Saginaw ba l l   sc rew 

Connections:  1.00-inch x 0.100-inch-wall T-111 tube  

Environment: 1 x 10 torr 

** 

-8 

(2)Hoffman, E .  E. and  Holowach, J., Cb-1Zr Rankine  System  Corrosion  Test 
Loop, Potassium  Corrgsjon  Test Loop Development Topical  Report N o .  7 ,  
NASA cR-150g-i~ igyo.p 

A Tic-1OCb s e a t  was or ig ina l ly   cons idered;  however, t h e   r e s u l t s  of a 
l i th ium  compat ib i l i ty  test ,  desc r ibed   i n  Appendix A, i n d i c a t e d   t h i s  
ma te r i a l   l acked   su f f i c i en t   co r ros ion   r e s i s t ance  t o  l i thium. A l i th ium 
compat ib i l i ty  test  of rhenium, a l s o   d e s c r i b e d   i n  Appendix A, ind ica ted  
t h i s   m a t e r i a l  t o  be  compatible  with  lithium. 

Saginaw S tee r ing  Gear  Division,  General Motors Corp.,  Saginaw,  Michigan. 

* 

** 
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The r e s u l t s  of t h e   d e s i g n   e f f o r t  by Hoke, Inc  . w a s  t h e  Model 443x3 

va lve  shown i n  Figure 1. GE-NSP'S main e f f o r t   i n   t h e   d e s i g n  of t h e  v a l v e  

was i n  the   spec i f i ca t ion   and   p rocuremen t  of m a t e r i a l s ,  and t h e   d e t a i l  

des ign  of the   welded   jo in ts   espec ia l ly   the   be l lows   assembly .   Bel lows  

f a b r i c a t i o n   a n d   a s s o c i a t e d   h e a t   t r e a t m e n t s  as w e l l  as t h e   q u a l i t y   a s s u r -  

ance tests performed  on t h i s  component are d e s c r i b e d   i n   S e c t i o n  I V Y  

Valve  Test Loop F a b r i c a t i o n .  

2 .   Design  Modif icat ions 

B e f o r e   t e s t i n g  of t he   va lve  shown i n   F i g u r e  1 was i n i t i a t e d  a nu111ber 

of d e s i g n   m o d i f i c a t i o n s   w e r e   i n c o r p o r a t e d   t o   e l i m i n a t e   d e f i c i e n c i e s   i n  

t he  v a l v e  a c t u a t i o n   p o r t i o n  of the  design  uncovered  during pretest check- 

out  tests.  An a d d i t i o n a l   d e s i g n   m o d i f i c a t i o n  was made as a r e s u l t  of 

v a l v e   t e s t i n g   e x p e r i e n c e   d u r i n g   t h e   f i r s t  2500  hour tes t  period.  These 

m o d i f i c a t i o n s   a r e   d e s c r i b e d   i n   d e t a i l   b e l o w .  

Dur ing   the   p re tes t   checkout  of t he   me te r ing  and i s o l a t i o n   v a l v e s  of 

t h e  T-111 Rankine  System  Corrosion T e s t  Loop t h e   t u n g s t e n   c a r b i d e   s l e e v e  

bear ings   se ized  on t h e  Mo-TZM s h a f t  of t h e   p i n i o n   g e a r   a f t e r  a l i m i t e d  

number  of ope ra t ions  (less than  25)  a t  tempera tures  up to   600°F.(3)   These 

b e a r i n g s   a r e   s i m i l a r   t o   t h o s e   i n   t h e  High  Temperature  Alkali   Metal   Valve 

des ign  shown i n   F i g u r e  1. The bear ings  were rep laced   w i th   s e l f   a l i gn ing  

ba l l   bear ings   wi th   two  rows  of b a l l s   r o l l i n g  on t h e  s p h e r i c a l   s u r f a c e  of 

the   ou ter   race   which   could  easi ly  accommodate any  misalignment  between 

the   bea r ing  and t h e   s h a f t .   E a c h   b e a r i n g   c o n s i s t s  of a VASCO Hypercut 

i nne r  and o u t e r  race wi th   0 .125- inch   d iameter   tungs ten   carb ide   ba l l s .  

* 

Four   ba l l   bea r ings  of t h i s   t y p e  were a s s e m b l e d ,   u l t r a s o n i c a l l y  

c leaned ,  and i n s t a l l e d  on t h e   h i g h   t e m p e r a t u r e   a l k a l i   m e t a l  v a l v e s .  

Subsequen t ly   t he   va lve   ac tua t ion  systems were connected t o   t h e   m e t e r i n g  

and i s o l a t i o n   v a l v e s  and ope ra t ing   t o rque  tests were p e r f o r m e d   i n   a i r  

a t  room tempera ture .  The va lves  were t o r q u e d   t o  72 in-lbs** i n  t h e   f u l l y  

c l o s e d   p o s i t i o n s   t o   i n s u r e  no s l ippage  of t h e   f l e x i b l e   s h a f t   a c t u a t i o n  

(3)Advanced Refractory  Alloy  Corrosion Loop  Program, Quar t e r ly   P rogres s  
Report No. 12  for   Per iod  Ending  July  15,   1968,  NASA Contract  NAS 3- 
6474, NASA-CR-72483. 

* Nominal Composition: Fe-9.5Mo-8Co-3.75Cr-1.5W-1.15V-1.07C 
**Maximum torque  of the   ro ta ry   magnet ic   feed through 
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sys t ems  before   c los ing   the   chamber .   Wi th   repea ted   cyc l ing   the   opera t ion  

of t h e   v a l v e  became i n c r e a s i n g l y  more d i f f i c u l t .  The v a l v e   a c u t a t i o n  

sys t ems  were d isassembled   and   the   par t s   inspec ted .   Severe  wear \vas ob- 

s e r v e d   i n   t h e  Mo-TZM b a l l  screw and  upper  guide  due t o   s l i d i n g   f r i c t i o n  

between  the  two  par ts   during  the  opening  port ion of t he   va lve   ope ra t ion  

c y c l e .  

Various  approaches t o   s o l v e   t h i s  problem were cons idered ,   inc luding  

sur face   hardening   of   the  Mo-TZM p a r t s  and  replacement  of  the Mo-TZM w i t h  

hardened VASCO Hypercut. VASCO Hypercut i n   t h e   h a r d e n e d   c o n d i t i o n  was 

s e l e c t e d  as a r ep lacemen t   fo r  Mo-TZM a s  a r e su l t  of t h e   t r o u b l e  free 

performance  of  the VASCO Hypercut b a l l   b e a r i n g s  on t h e   p i n i o n   g e a r  of 

t he   va lve   du r ing   t he   p re t e s t   checkou t .  

I n   t h i s   r e g a r d  a t h r u s t   b e a r i n g   d e s i g n  was adopted  using VASCO 

Hypercut races and t u n g s t e n   c a r b i d e   b a l l s  as shown i n   F i g u r e  2 .  Addi- 

t i o n a l   m o d i f i c a t i o n s   t o   t h e   v a l v e  were requ i r ed  as a r e s u l t  of t h e  

s u b s t i t u t i o n  of t h i s   i r o n   b a s e   a l l o y   f o r   t h e   r e f r a c t o r y   a l l o y   p r e v i o u s l y  

used (Mo-TZM). The stem w a s  i n c r e a s e d   i n   l e n g t h   t o   l o w e r   t h e   t e m p e r a t u r e  

of t h e  VASCO Hypercut   par ts  by moving  them f a r t h e r  away f rom  the  seat 

which  would o p e r a t e  a t  a maximum temperature  of 1900°F. The bonnet 

l e n g t h  was increased   cor respondingly  and t h e   e x t e n s i o n  was f a b r i c a t e d  

from VASCO Hypercut i n   t h e   a n n e a l e d   c o n d i t i o n .  

A stem l e n g t h  of 5 inches  was se l ec t ed   based  on ca lcu la t ions   which  

i n d i c a t e d  a maximum temperature  of 900°F i n   c o n t a c t   w i t h   t h e  VASCO 

Hypercut   lower   th rus t   bear ing .  The r e s u l t s   o f   t h e s e   c a l c u l a t i o n s  are 

shown g r a p h i c a l l y   i n   F i g u r e  3. Weight l o s s  tests of VASCO Hypercut i n  

vacuum a t  temperatures  as high as 1400°F  ind ica ted   negl ig ib le   weight  

l o s s e s  (< 0.05% in  100  hours)   and  no  vaporizat ion  problems were t h e r e -  

f o r e   a n t i c i p a t e d   i n   t h e   p r o p o s e d   a p p l i c a t i o n .  

As a r e s u l t  of t h e   s e v e r e  wear observed on t h e  Mo-TZM pinion and 

s p u r   g e a r   t e e t h   f o l l o w i n g  2500 hours of t e s t i n g ,   d e s c r i b e d   i n   S e c t i o n  

V I  of t h i s   r e p o r t  , an   add i t iona l   des ign   mod i f i ca t ion  w a s  made.  The 

Mo-TZM pin ion   and   spur   gears  were rep laced   wi th  VASCO Hypercut   gears .  

These gears showed no s igns  of wear i n   t h e   a d d i t i o n a l  2500 hours of 

v a l v e   t e s t i n g .  The f i n a l   v a l v e   d e s i g n  i s  shown schemat i ca l ly  i n  Figure 

4 and t h e   p a r t s  are shown before  assembly i n  Figure 5. 
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Stainless  Steel 

VASCO Hypercut 

(MO-IZM) 

Figure 2 .  Intermediate  Design of the High Temperature Alkali Metal Valve. 
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Finite   Fin  Analysis* 

1300 . 

Bonnet Tempera tuna - 500 F 
Rase  Temperature - 1900°F 
Stem Material - T-111 

0 

- 0 . 5  

900 ' 

700 7 

* 
NASA TN-D-196 

60 0 . .~ . . " .. 

500 . . ~ "~ 

0 1 2 3 4 

Length of Stem - Inches.  

5 6 

Figure 3 .  High  Temperature Alka l i  Metal Valve Stem Temperature a s  a 
Function of Length. Stem Diameter  0.375-Inch. 
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Sta in le s s  Steel 

VASCO Hypercut 

Figure 4 .  Final  Design of the High  Temperature Alkali  Metal Valve. 
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Figure 5. High  Temperature  Alkali  Metal  Valve  Parts Before  Assembly. 
(P69-8-15) 
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I n   a d d i t i o n   t o   t h e   s c h e m a t i c   d r a w i n g  of t h e   v a l v e  shown i n   F i g u r e  

4 an  assembly  drawing  and list o f   a s s o c i a t e d   p a r t s  is inc luded  i n  

Appendix B.  The i s o l a t i o n   v a l v e  i s  i d e n t i c a l   i n   d e s i g n   t o   t h e   m e t e r i n g  

v a l v e   w i t h   t h e   e x c e p t i o n   o f  a cent ra l  h o l e   d r i l l e d   i n   t h e   p l u g   t o   a l l o w  

f low 

B. 

t o   c o n t i n u e   i n   t h e   l o o p   w h i l e   t h e   v a l v e   p l u g  is s e a t e d .  

LOOP  DESIGN 

The High  Temperature   Alkal i  Metal Valve  Test   Loop is shown sche-  

m a t i c a l l y   i n   F i g u r e   6 .  The  Cb-1Zr Pumped Sodium  Loop(l) was r e c o n s t r u c t e d  

f o r   t h i s   t e s t   w i t h   t h e   i n c l u s i o n  of T-111 p i p i n g   s e c t i o n   c o n t a i n i n g   t h e  

test  v a l v e s  and  a  Cb-1Zr t e n s i l e  test  s p e c i m e n   s e c t i o n   c o n t a i n i n g   s h e e t  

t ens i l e   spec imens   o f  T-111, T-222, ASTAR 811, ASTAR 811C,  ASTAR 8 1 1 C N  and 

W-Re-Mo Al loy   256 .   These   a l loys ,   t he   compos i t ions  of which   a re   p resented  

i n  Table  I ,  are u n d e r   c o n s i d e r a t i o n  for a l k a l i  metal con ta inmen t   i n  ad- 

vanced  space power systems. The  specimen  containment  tube was g r i t  

b l a s t e d   t o   i n c r e a s e  its e m i s s i v i t y  and thereby  produce a 200°F t empera tu re  

d r o p   i n   t h e   l o o p  a t  t h e  maximum ope ra t ing   t empera tu re   o f   2100°F .   Tens i l e  

specimens  were  exposed s o  t h a t   i n   a d d i t i o n   t o   t h e   d e t e r m i n a t i o n  of t h e  

c o r r o s i o n   r e s i s t a n c e  of t h e s e   a l l o y s ,   t h e   e f f e c t s  of t h e   l i t h i u m   e x p o s u r e  

on t h e i r   m e c h a n i c a l   p r o p e r t i e s   c o u l d   b e   a s c e r t a i n e d .   T h r e e  Cb-1Zr s l a c k  

d i aphragm  p re s su re   t r ansduce r s  were i n c l u d e d   i n   t h e   l o o p   c i r c u i t   t o   o b t a i n  

t h e   o p e r a t i n g   c h a r a c t e r i s t i c s  of t h e  EM pump and t h e   p r e s s u r e   d r o p   a c r o s s  

t h e   1 - i n c h   m e t e r i n g   v a l v e   d u r i n g   l o o p   o p e r a t i o n .  

(l)Hoffman, E .  E .  and  Holowach, J . ,  Cb-1Zr Pumped Sodium Loop, NASA 
C o n t r a c t o r   R e p o r t ,  NASA-CR-1135, November 1968. 
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TABLE I 

THE COMPOSITION  OF ADVANCED  REFRACTORY ALLOYS 
INCLUDED I N  THE TENSILE  TEST SPECIMEN  SECTION 

OF THE HIGH TEMPERATURE ALKALI hlF,TAL  VALVE TEST LOOP 

A l l o y  

T - 1 1 1  

T - 2 2 2  

ASTAR 811 

ASTAR 8 1 1 C  

ASTAR 811CN 

N o m i n a l   C o m p o s i t i o n  
(Weight P e r c e n t  ) 

Ta-8W-2Hf 

Ta-9 .6W-2 .4Hf-  .01C 

Ta-8W-1Hf - l R e  

Ta-8W-0 .7Hf- lRe- .O25C 

Ta-8W-lHf-lRe-.012C-.012N 

W-Re-Mo A l l o y  256 W-29Re-18Mo 
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111. MATERIALS 

A .  Valve Materials Se lec t ion  
. .  

, .  

The s e l e c t i o n  of ma te~ ia l s  f o r   - t h e   v a l v e   s e a t  and plug  required 

special   considerat ion  because of t h e  planned  high  temperature  operation. 

The v a l v e s   i n   t h e  T-111 Rankine  System  Corrosion  Test Loop, NASA Contract  

NAS 3-6474, operated a t  a maximum temperature  of  1320°F,  and employed a 

Mo-TZM plug  and T-111 s e a t .  While adequate   f rom  an  a lkal i  metal compat- 

i b i l i t y   s t a n d p o i n t ,   t h e s e  materials were deemed inadequate t o  prevent 

bonding  of  the seat and p lug   i n   t he   i so l a t ion   va lve   unde r   t he   app l i ed  

torque   (1- f t   lb )   dur ing   long  term t e s t i n g  a t  a maximum temperature of 

1900'F. Ma te r i a l s   r equ i r emen t s   fo r   va lves   fo r   a lka l i   me ta l   s e rv i ce   a r e  

similar to   those   requi rements   for   bear ings ,   namely ,   a lka l i  metal compat- 

i b i l i t y  and res i s tance   to   d i f fus ion   bonding .   Resul t s   f rom a NASA sponsored 

program a t  GE-NSP, "Materials  for  Potassium  Lubricated  Journal  Bearings,  " 

NASA Contract NAS 3-2534 indica ted   exce l len t   p roper t ies   o f  Tic-1OCb. 

This   mater ia l  was se l ec t ed   a s   t he   s ea t   ma te r i a l   w i th  W-25Re a s   t h e   p l u g .  

This   tungs ten   a l loy   has  a l l  the  advantages of t ungs t en   i n  resistance t o  

diffusion  bonding  but is more d u c t i l e  and more e a s i l y  machined. 

(4 1 

Although Tic-1OCb had previously  demonstrated  corrosion  res is tance 

t o  potassium, (4) t h e  Tic-1OCb va lve   sea t   mater ia l  showed poor   res i s tance  

t o   l i t h i u m   i n   i s o t h e r m a l   c a p s u l e  tests, and  unalloyed  rhenium was 

s e l e c t e d   a s  a replacement. Rhenium was selected  because  of i ts  r e s i s t a n c e  

to   d i f fus ion   bond ing  as ind ica ted  by i ts  high  mel t ing  point  (5733OF), i ts 

room tempera ture   duc t i l i ty ,   (5 )  and i ts  repor ted   (6 ,7)   cor ros ion   res i s tance  

t o   l i t h i u m  t o  2500'F.  Subsequent  capsule tests at  GE-NSP indicate  rhcniuw 

t o  be c o r r o s i o n   r e s i s t a n t   t o   l i t h i u m   a t  2100°F. 

* 

* 

(4)Materials  for  Potassium  Lubricated  Journal  Bearings,   Final  Report  , 
NASA Contract  NAS 3-2534, GESP-100, September 1966. 

(5)Sims,  Chester  F.,"Properties of Rhenium," Rhenium, Edi ted by B.  W .  

(6)Hoffman, E .E., "Corrosion  of Materials by Lithium a t  Elevated  Temperatures, 

("DeMastry , J .A.  and  Griesenauer , N .M . , "Investigation  of  High-Temperature 

Gonser,   Elsevier  Publishing Company, New York,  1962,  p. 33. 

ORNL-2674, March 6,  1959,  p. 111. 

Refractory Metals and Alloys  for   Thermionic   Converters ,  AFPL-TR-65-29, 
April  1965,  p.  26. 

Described i n  Appendix A .  
* 
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VASCO Hypercut is a coba l t - type   h igh   speed  steel  c a p a b l e  of be ing  

h e a t   t r e a t e d   t o   R o c k w e l l  C-70. It is easily machined i n  t h e   a n n e a l e d  

c o n d i t i o n  and can  be f i n i s h e d  by g r i n d i n g .  Its high   hardness   and   good 

impact s t r e n g t h  make t h i s  a l l o y   a t t r a c t i v e   f o r   u s e  as a b e a r i n g .  The 

n o m i n a l   c o m p o s i t i o n   o f   t h i s   a l l o y   p r o c u r e d   f r o m  Vanadium A l l o y s   S t e e l  

Company, La t robe ,   Pennsylvania ,  is presen ted  i n  Table  11. 

B. Q u a l i t y   A s s u r a n c e   f o r   t h e   P r o c u r e m e n t  of R e f r a c t o r y  Metals 

The qua l i ty   a s su rance   p rog ram w a s  e s t a b l i s h e d   t o   p r o v i d e   a d e q u a t e  

i d e n t i f i c a t i o n  and  documentation of t h e   q u a l i t y  of t h e   r e f r a c t o r y   m e t a l  

a l l o y s   a n d  cermets u s e d   i n   t h e   c o n s t r u c t i o n   o f  the h igh   t empera tu re  

a l k a l i  metal v a l v e s ' a n d   t h e   a s s o c i a t e d  test  f a c i l i t y .  The majority of 

t h e   q u a l i t y   a s s u r a n c e  measures mere p e r f o r m e d   a n d   c e r t i f i e d   t o  be wi th -  

i n  s p e c i f i c a t i o n  by t h e  materials producers .   Check tests performed by 

t h e   G e n e r a l  Electric Company, NSP, g e n e r a l l y  were l i m i t e d  t o  chemical 

a n a l y s e s  of t h e   i n t e r s t i t i a l   e l e m e n t s ,   m e t a l l o g r a p h i c   e x a m i n a t i o n ,   g r a i n  

s i z e  and ha rdness   measu remen t s ,   and   v i sua l   i n spec t ion   o f   t he   i ncoming  

p roduc t s .  

Upon r e c e i p t   o f   m a t e r i a l   f r o m   t h e   m a t e r i a l   p r o d u c e r s ,  a M a t e r i a l  

C o n t r o l  Number (h lCN)  was assigned t o   e a c h  homogeneous l o t  of m a t e r i a l .  

A homogeneous l o t   i n c l u d e s  a l l  m a t e r i a l  of t h e  same size, shape,  con- 

d i t i o n ,   a n d   f i n i s h   f r o m  one  heat  of material and  which  has   received 

t h e  same p rocess ing ,   has   been   annea led   i n   t he  same  vacuum a n n e a l i n g  

cha rge ,   and   has   been   p rocessed   i n   t he  same  manner i n  a l l  o p e r a t i o n s   i n  

which   the   p rocess ing   tempera tures   exceeded  500'F. 

A l i s t i n g  o f   t h e   r e f r a c t o r y   m e t a l   a l l o y s   a n d   c e r m e t s   p r o c u r e d   f o r  

t h e   p r o g r a m ,   t h e   s p e c i f i c a t i o n s  to which  they  were  procured,   and t h e  

r e s u l t s  of the q u a l i t y   a s s u r a n c e  tests a r e   p r e s e n t e d   i n   A p p e n d i x  C.  

C . Li th ium  Procurement   and   Pur i f ica t ion  

F i f ty   pounds  of LCA High-Puri ty   Li thium was o b t a i n e d   f r o m   t h e  

L i th ium  Corpora t ion  of   America,   Bessemer  Ci ty ,   North  Carol ina.  The 

m a t e r i a l  was  analyzed on r e c e i p t .  It was t h e n   s u b j e c t e d   t o  an i n i t i a l  

p u r i f i c a t i o n   p r o c e d u r e ,   w h e r e i n  it was f i l t e r e d   t h r o u g h  a s t a i n l e s s  

s t e e l   f i l t e r   h a v i n g  a nomina l   po re   s i ze  of 5 m i c r o n s   i n t o  a t i t a n i u m  



TABU I1  

NOMINAL COMPOSITION OF VASCO  HYPERCUT(a) 

Element Weinht Percent 

Iron 

Molybdenum 

Cobalt 

Chromium 

Tungsten 

Vanadium 

Carbon 

Manganese 

S i  1 i con  

74 .50  

9.50 

8 .OO 

3 -75 

1.50 

1 . 1 5  

1 . 0 7  

0.22 

0.22 

~~ ~~~~~ ~ 

(a) Vanadium A l l o y s   S t e e l  Company, Latrobe,  Pa. 
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l i n e d ,   s t a i n l e s s   s t e e l   h o t   t r a p   c o n t a i n i n g  a z i r c o n i u m   g e t t e r   b u n d l e .  

The h o t   t r a p  is shown i n  p o s i t i o n   i n   t h e   p u r i f i c a t i o n   f a c i l i t y   i n  

F i g u r e  7 and  before   assembly i n  F i g u r e  8 .  The. l i t h i u m  was subsequen t ly  

ho t   t r apped  a t  1 5 0 0 ° F   f o r   1 0 0   h o u r s .  The p r i n c i p a l  resul t  of t h e   h o t  

t r a p p i n g   o p e r a t i o n  is t h e   r e d u c t i o n   i n   n i t r o g e n   c o n c e n t r a t i o n  of t h e  

l i t h i u m .  The f i n a l   p u r i f i c a t i o n  s t e p  was  vacuum d i s t i l l a t i o n  a t  1250OF. 

The  assembled  l i thium s t i l l  b e f o r e   i n s t a l l a t i o n   i n   t h e   p u r i f i c a t i o n  

f a c i l i t y  is shown i n   F i g u r e  9. The d i s t i l l a t i o n   s t e p   r e d u c e s   t h e  oxygen 

and m e t a l l i c   i m p u r i t y   c o n c e n t r a t i o n s .   C h e m i c a l   a n a l y s i s  of t h e   l i t h i u m  

a f t e r   e a c h   p u r i f i c a t i o n   s t e p  is c o m p a r e d   w i t h   t h e   a n a l y s i s  of t h e  as- 

r e c e i v e d   m a t e r i a l   i n   T a b l e  111. The s l i g h t l y   h i g h e r   n i t r o g e n   a n d   c a r b o n  

c o n c e n t r a t i o n s   i n   t h e   l i t h i u m   f o l l o w i n g   d i s t i l l a t i o n  are w i t h i n   t h e  

accuracy  of t h e   a n a l y t i c a l   t e c h n i q u e   e m p l o y e d  i n  t h e   a n a l y s e s .  



i 

F i g u r e  7 .  T h e   L i t h i u m   P u r i f i c a t i o n   F a c i l i t y .   ( O r i g .  C68022909) 
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TABLE: I11 

LITHIUM ANALYSIS 

" . . .  ~. " 
~~ 

. __  - 
Concentrat ion,  ppm in   L i th ium (a )  

Element  As-Received F i l t e r e d  Hot Trapped D i s t i l l e d  
~- 

0 130 f 25 (b) 150 i 28 

N 840") 775 11 

13(e) 

20 

C 146(d) 98 34 67 

Ag < 5  
A 1  
B 
Ba - 
B e  < 5  
Ca 133 
Cb < 25 
co < 5  
A < 5  
cu < 5  
Fe < 5  
K 
Mg 5 
Mn < 5  
Mo < 5  
Na 53 
N i  < 5  
Pb < 25 
S i  5 
Sn < 25 
Sr - 
Ti  < 5  
V < 25 
W 
Zn - 
Z r  < 5  

- 

- 

__ """ . " ~ -  "_____. 

- Spectrographic   Analysis  . -. 
- GE N S L ( ~ )  GE NSL 

< 5   < 5  ND 5 ND 
< 5   < 5   < 5  5 < 25 

- < 50 ND < 50 ND 
- < 75 ND < 50 ND 

< 5   < 5  - < 5  ND 
53 25 55 < 5  20 

< 25 < 25 ND < 25 ND 
< 5   < 5  ND < 5  ND 
e 5   4 5  800 e 5  < 25 
< 5  50 50 5 < 5  
€ 5  5 150 25 20 

< 50 - < 50 
5 < 5  < 50 < 5  < 500 

e 5  c 5  ND < 25 ND 
< 5  < 5  ND < 5  ND 
133 < 75 < 50 < 50 < 500 
< 5  25 1550 < 5  < 25 

< 25 < 75 < 100 < 75 ND 
5 25 100 < 25 < 25 

< 25 < 25 ND < 25 ND 
5 < 50 < 5  ND 

< 5  < 25 ND < 5  ND 
< 25 - ND C 25 ND 

ND - ND 
ND - ND 

< 5  < 25 ND < 25 ND 

- - - 

- - 

- 

- - - - 
"" _T " . - .  . .  ~ .. . ..~. ~ 

( a )  The l i thium  sample is ext ruded ,   reac ted   wi th  water i n   p l a t i n u m  and 
converted  to   LizC03 by bubbling C02 t h r o u g h   t h e   s o l u t i o n .  The d r i e d  
Li2C03 is blended  and s p l i t  between a n a l y t i c a l   l a b o r a t o r i e s .  Con- 
c e n t r a t i o n s  are c a l c u l a t e d  fo r  t h e  metal. 

(b )   Fas t   neu t ron   ac t iva t ion   ana lys i s  by General  Atomic,  San  Diego,  California. 
(c) Micro-Kjeldahl   analysis .  
( d )  Combustion - Gas Chromatograph  analysis.  
( e )  Vacuum d i s t i l l a t i o n  method. 
(f) National   Spectrographic   Laboratory.  
(g)  Not Detected.  
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I V .  VALVE TEST LOOP FABRICATION 

A .  Be l lows   Fabr i ca t ion  

The  T-111 va lve   be l lows  were fabr ica ted   f rom  0 .625- inch  OD T-111 

t u b e s   w i t h  a 0.008-inch wal l  produced a t  S u p e r i o r  Tube Company, 

Norr i s town,   Pennsylvania .  A l l  t u b e s  were u l t r a s o n i c a l l y   t e s t e d  a t  

Au tomat ion   Indus t r i e s ,   Co lumbus ,   Oh io   i n   bo th   t he   l ong i tud ina l   and  

c i r c u m f e r e n t i a l   s h e a r  modes w i t h  a 0.001-inch  notch as t h e   s t a n d a r d  

defec t .   Twenty-s ix  of the   62   tubes   purchased  were f r e e  of any   defec t  

i n d i c a t i o n s   w i t h i n   t h e  limit o f   d e t e c t i o n   o f   t h e   u l t r a s o n i c  test 

equipment  and were s e l e c t e d   f o r   f o r m i n g   i n t o   b e l l o w s .  

Twenty-four  bellows,  one  of  which is shown i n   F i g u r e  10 were 

h y d r a u l i c a l l y   f o r m e d   w i t h   a n   i n t e r n a l   p r e s s u r e   o f  2400 p s i  by Min i f l ex  

Corpora t ion ,  Van Nuys, C a l i f o r n i a .  A t t e m p t s  by M i n i f l e x   C o r p o r a t i o n   t o  

form  the  bel lows  0 .930-inch OD o r i g i n a l l y   s p e c i f i e d  were n o t   s u c c e s s f u l  

due t o   g r a i n   b o u n d a r y   s e p a r a t i o n  as a r e su l t   o f   s eve re   ove rd rawing  a t  

t h e   o u t e r   c o n v o l u t i o n   s u r f a c e .  No bel lows of t h i s   d i a m e t e r   c o u l d   b e  

produced  without   leaks.  The forming   appara tus  was reset f o r  a smaller 

diameter ,   0 .850-inch OD, bel lows  and  the  operat ion  proceeded  without  

d i f f i c u l t y .  The "orange   pee l"   sur face   typ ica l   o f  materials s t r e s s e d  

beyond t h e i r  e l a s t i c  limit is st i l l  appa ren t  on t h e   b e l l o w s   o f   t h e  

lesser d iame te r  shown in   F igu re   11 ;   however ,  i t  was not  as coarse ,   and  

no   g ra in   boundary   s epa ra t ion  was o b s e r v e d   i n   t h e  0.850 i n c h   d i a m e t e r  

b e l l o w s .   A l t h o u g h   t h e   o u t e r   d i a m e t e r   s p e c i f i c a t i o n  was reduced  from 

0.930  inch t o  0 . 8 5 0   i n c h ,   t h e   t o t a l   l i n e a r   d e f o r m a t i o n   o f   t h e   f o r m e d  

bellows  before  permanent set occurred was 0 .23   i nch .   Th i s   exceeded   t he  

o p e r a t i o n   r e q u i r e m e n t   o r i g i n a l l y   e s t a b l i s h e d  by Hoke, I n c .   f o r   t h e  

1- inch   va lve .  

Crack  propagat ion  of  T-111 a l l o y   o r i g i n a t i n g  a t  s u r f a c e s   c u t  by 

an   abras ive   wheel  were exper ienced   in   forming   the   be l lows   neck .   Dur ing  

the   fo rming   ope ra t ion   where   t he   d i ame te r   o f   t he   be l lows   neck  is inc reased  

from  0.625 t o  0.650 i n c h ,   c r a c k s   o r i g i n a t i n g  a t  t h e   t u b e   e n d s   o f   t h e  

bellows,  which  had  been  cut by an   abras ive   wheel ,   p ropagated   in to   the   end  

convo lu t ion .  The  problem was e l i m i n a t e d  by gr inding   back   and   po l i sh ing  

the e n d s   b e f o r e   f o r m i n g .   S i m i l a r  resu l t s  were o b s e r v e d   i n   p r o c e s s i n g  
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Figure   10 .  T-111 Bellows (0.85 Inch  OD x 0.59 Inch  ID)  Formed by 
Mini-Flex  Corporation.  (C67112004) 
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Figure  11. S u r f a c e   o f  T-111  Bel lows  Convolut ions Formed  by  Mini-Flex 
Corpora t ion .  The Ou t s ide  Diameter o f   t h e   C o n v o l u t i o n s  i s  
0 . 8 5   i n c h e s .   A t t e m p t s   t o  Form L a r g e r  Diameter Bellows were 
Unsuccess fu l  as a Resul t   of   Grain  Boundary  Separat ion  f rom 
Overdrawing.  (C68011538) 
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T-111 t u b e s   f o r   v a r i o u s  NSP programs. (8 1 

The bellows, shown previous ly   in   F igure   10 ,have  20 convo lu t ions  

w i t h  a 0.850-inch OD and  0.590-inch I D  w i t h   a n   a v e r a g e   o v e r a l l   l e n g t h  

of 2 .2   i nches .  

Var ious   addi t iona l   inspec t ions   per formed by GE-NSP at  t h e  time 

i n d i c a t e d   t h a t   t h e   b e l l o w s  were s u i t a b l e   f o r   u s e   i n  t h e  f a b r i c a t i o n  of 

va lves   fo r   t he   l oop .  However,  more de t a i l ed   me ta l log raph ic   i n spec t ion  

of addi t iona l   spec imens   cu t   f rom  severa l  of the  bel lows  which were 

d e s t r u c t i v e l y   e v a l u a t e d   r e v e a l e d   s e v e r a l   s h a l l o w  tears most o f t e n  

loca ted  on t h e   o u t e r   s u r f a c e  of t h e  OD convolut ion.  The maximum 

depth of su r face   t ea r ing   obse rved  w a s  one m i l .  S ince less than  25% 

of the   su r f aces   o f   t he   fo rmed   be l lows   cou ld   be   v i sua l ly   i n spec ted  a t  

low magnif icat ion  OX), a d d i t i o n a l   q u a l i f i c a t i o n   t e s t i n g  was i n i t i a t e d .  

A bel lows  cycl ing test t o   s i m u l a t e   t h e   l i f e   s e r v i c e  of the   be l lows  

was conducted ,   in  a s p e c i a l  test f i x t u r e  shown i n   F i g u r e   1 2 ,   t o   d e t e r m i n e  

i f   t h e  tears i n   s e l e c t e d   b e l l o w s  would propagate  during  mechanical 

cyc l ing .   Normal ly ,   the   be l lows  is i n s t a l l e d   i n   t h e   v a l v e  so t h a t  i t  is 

a t  i ts  normal free l e n g t h  when the   va lve  i s  in   t he   c losed   pos i t i on ;   open-  

ing of the   va lve   compresses   the   be l lows .  However, due t o   s t a c k - u p  of 

no rma l   shop   t o l e rances   i n   t he   va lve   pa r t s ,   t he   be l lows   s l i gh t ly   ex t ended  

from i t s  normal f ree   l ength   dur ing   assembly .  The maximum ope ra t ing  

compression  s t roke of t he   va lve  is 0.220-inch  although  only  0.125-inch 

t r a v e l  is r e q u i r e d   t o   l i f t   t h e   p l u g   c o m p l e t e l y   o u t  of t h e  sea t .  

A be l lows   w i th   t he  largest de fec t s   t ha t   cou ld   be   de t ec t ed  by a 

30x v i s u a l   i n s p e c t i o n  w a s  se lec ted   and   cyc led  50 times w i t h  a s t r o k e  

of 2 0.125-inch. The bellows was he l ium  leak   checked   a f te r  5, 10, 25 

and 50 cycles w i t h   n o   i n d i c a t i o n  of l e a k s .  A microscopic  examination 

of t he   be l lows   fo l lowing   cyc l ing  showed no  propagation of t h e  tears .  

The tes t  was r e p e a t e d   f o r   a n   a d d i t i o n a l   5 0   c y c l e s   w i t h  a maximum  com- 

p r e s s i o n   s t r o k e  of 0.220-inch. The bellows was a g a i n   l e a k   t e s t e d  

(8)Ekvall, R. A. , Frank, R. G. ,  Young, W. R.  , 'IT-111 Alloy Cracking 
Problems  During  Processing and F a b r i c a t i o n , "  C h .  VI11 i n  Recent  
Advances "" ~ i n  ~ R e f r a c t o r y  "- -~ _ _  Alloys ~ for ~ Space Power Systems, NASA SP- 
245, 1970. 
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w i t h  no  i n d i c a t i o n  of l e a k s   a n d   m i c r o s c o p i c   e x a m i n a t i o n  showed  no 

p ropaga t ion  of t h e  tears.. The  manual ly   operated bellows c y c l i n g  test 

f i x t u r e  is shown i n   F i g u r e   1 2 .  

A second  be l lows ,  a l so  w i t h   d e t e c t a b l e  tears, was annea led  €or 

1 hour  a t  2400'F b e f o r e   b e i n g   m e c h a n i c a l l y   c y c l e d  as desc r ibed   above .  

A g a i n   t h e   b e l l o w s  showed no p r o p a g a t i o n  of tears and was h e l i u m   l e a k  

t i g h t  a f t e r  t h e  100 c y c l e s .  

A l t h o u g h   t h e   a b o v e   c y c l i n g  test i n d i c a t e d   t h a t   t h e   v a l v e   b e l l o w s  

w o u l d   o p e r a t e   s u c c e s s f u l l y  i n  s e r v i c e ,  it was d e s i r a b l e  f o r  maximum 

r e l i a b i l i t y   t o   p r o d u c e   b e l l o w s   w i t h o u t   a n y   v i s i b l e   s u r f a c e  defects.  

I t  was  hoped t h a t   c a r e f u l   p o l i s h i n g  of t h e   t u b e s  would  remove  even 

m i n u t e   s u r f a c e   d e f e c t s   t h a t   c o u l d   d e v e l o p   i n t o  tears  as t h e   r e s u l t  

of t h e   s t r a i n   i n d u c e d   i n   t h e   t u b e   w a l l s   d u r i n g   f o r m i n g  of t h e   b e l l o w s  

c o n v o l u t i o n s .  

Arrangements were made wi th   Min i -F lex   Corpora t ion   fo r   t he   fo rming  

of 1 5   a d d i t i o n a l  bellows w i t h  GE-NSP r e s p o n s i b l e   f o r   t h e   i n t e r m e d i a t e  

i n s p e c t i o n   a n d   t h e   f i n a l   s i z i n g   t o   l e n g t h   o f   t h e   b e l l o w s .   N i n e ,   1 5 -  

i n c h   l o n g   T - 1 1 1   t u b e s   w h i c h   h a d   p a s s e d   u l t r a s o n i c   i n s p e c t i o n   w i t h o u t  

any known d e f e c t s  were pol ished  with  diamond  paste .   The I D  of t h e  

tubes ,   wh ich   appea red   smoo the r   t han   t he  OD of t h e  t u b e s ,  was p o l i s h e d  

fo r   40   minu te s   w i th   6 -mic ron   d i amond   pas t e .   The  OD of   the   tube   was  

p o l i s h e d   f o r  30  minutes   with  15-micron  diamond  paste   fol lowed by 1 5  

minutes   of   pol ishing  with  6-micron  diamond  paste .   The  improvement   in  

the   smoothness   o f   the  I D  and OD s u r f a c e s  of t h e   t u b e s   a s  a r e s u l t  of 

diamond  pol ishing is  e v i d e n t   i n   F i g u r e  13. 

The po l i shed   be l lows   t ube   b l anks  were f o r m e d   i n t o   1 5   b e l l o w s .  By 

o b t a i n i n g   t h e   b e l l o w s  from M i n i - F l e x   p r i o r   t o   t h e   f i n a l   s i z i n g   o p e r -  

a t i o n ,   w h i c h   r e d u c e s   t h e   b e l l o w s   l e n g t h   f r o m   3 - 3 / 4 - i n c h e s   t o   2 - 1 / 8 -  

i n c h e s ,  i t  was p o s s i b l e   t o   p e r f o r m  a more d e t a i l e d   v i s u a l   i n s p e c t i o n  

( 3 0 x )   a t   t h e   b e l l o w s   s u r f a c e   b e t w e e n   t h e   c o n v o l u t i o n s .   T h i s   i n s p e c t i o n  

r e v e a l e d   n o   t e a r s  of t h e   t y p e   o b s e r v e d   i n   t h e   f i r s t   l o t  of b e l l o w s .  

A t e s t  was a l s o   p e r f o r m e d   t o   d e t e r m i n e   i f   a n   i n t e r m e d i a t e   a n n e a l  

(1 hour  a t  2400'F) p r i o r  to t h e   f i n a l   s i z i n g   o p e r a t i o n  would  improve 
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Figure 1 2 .  Mechanical  Cycling Test F i x t u r e   f o r   t h e  T-111 Bellows. 
(C67120719) 
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( a>   Be fo re  Diamond P o l i s h i n g  (b)  

(c )   Fol lowing  Diamond P o l i s h i n g  (d 1 

Figure   13 .   Meta l lographic   Appearance  of I D  and OD of Transve r se   Sec t ions  
of t h e  T-111 Bellows  Tubing  (0.625  Inch OD x 0.0085  Inch  Wall) 
i n   t h e  As-Rece ived   Condi t ion   ( top)   and   Fol lowing   Pol i sh ing   wi th  
Diamond P a s t e   ( l o w e r ) .  
E t c h a n t :  30gmNH4F-50mlHN03-20mlH20 a) FL20113 c )  F210111 

b )  F120114  d)  F210112 28 



t h e   s u r f a c e   q u a l i t y   o f   t h e  bellows r e s u l t i n g  from t h e   f i n a l   s i z i n g  

o p e r a t i o n .  The  annealed bellows and a second bellows which  was  not  

h e a t   t r e a t e d  were s ized  and  compared.   The  appearance of t h e   u n a n n e a l e d  

be l lows   before   and  a f t e r  t h e   s i z i n g   o p e r a t i o n  is i l l u s t r a t e d   i n   F i g u r e  

14 .   Anneal ing   of   the   be l lows   caused  a marked  change i n  t h e   c o l l a p s i n g  

mode of t h e   b e l l o w s   d u r i n g   s i z i n g   a n d   r e s u l t e d  i n  an o v e r a l l   b e l l o w s  

l e n g t h   1 / 8 - i n c h   s h o r t e r   t h a n   t h e   d e s i g n   l e n g t h  of 2 . 1 8   i n c h e s .  Low 

power v i s u a l   i n s p e c t i o n  (30x) a n d   m e t a l l o g r a p h i c  examination of t h e  

two t y p e s  of be l lows  fol lowing t h e  s i z i n g  o p e r a t i o n   i n d i c a t e d   t h a t   t h e  

unannealed  bellows  had a h i g h e r   q u a l i t y  surface t h a n   t h e   a n n e a l e d  

be 1 lows . 
Based on t h e s e   r e s u l t s ,  bellows from t h e   s e c o n d   ( p o l i s h e d )   l o t  

were s i z e d   w i t h o u t   a n   i n t e r m e d i a t e   a n n e a l .  A l l  of t h e   s i z e d   b e l l o w s  

were f r e e  of l e a k s   a n d   t h r e e   w i t h   n o   v i s u a l   d e f e c t s  were s e l e c t e d  for 

u s e   i n   t h e   c o n s t r u c t i o n  of the   h igh   t empera tu re   va lves .   The   me ta l lo -  

g r a p h i c   a p p e a r a n c e  of t h e  OD and I D  r e g i o n s  of t h e  T-111 be l lows  of t h e  

t y p e   s e l e c t e d  f o r  use i n   t h e   v a l v e s  is  i l l u s t r a t e d   i n   F i g u r e  15. The 

OD r e g i o n  i s  s l i g h t l y   h a r d e r   a n d   t h e  w a l l  is one m i l  t h i n n e r   t h a n   t h e  

I D  r e g i o n  of t h e  bellows. 

B. O the r   Va lve   Pa r t s  

An exploded  view of t h e  ac tua l  v a l v e   p a r t s   p r i o r  t o  t h e   i n i t i a t i o n  

of   welding of t h e   v a r i o u s   c o m p o n e n t s  i s  g i v e n   i n   F i g u r e  16.  An e n l a r g e d  

view  of t h e  W-25Re p lug   and   t he   rhen ium seat of t h e   m e t e r i n g   v a l v e  are 

shown i n   F i g u r e  17.  The  plug of t h e   b y - p a s s   v a l v e   t o   b e   u s e d   i n   d e t e r -  

m i n i n g   t h e   s o l i d   p h a s e   b o n d i n g   c h a r a c t e r i s t i c s   o f   t h e   p l u g   a n d   s e a t  

m a t e r i a l s  i s  i d e n t i c a l  t o  t h e   m e t e r i n g   p l u g   e x c e p t   t h a t   t h e   b y - p a s s  

p l u g   h a s   0 . 1 8 7 - i n c h   h o l e   t h r o u g h   t h e   p l u g .   B o t h   p l u g s  are shown i n  

F i g u r e  18 w h i c h   d e s c r i b e s   t h e   a s s e m b l y  of a v a l v e   p l u g  on  an EB welded 

be l lows  stem assembly.  

C .  Looa and   Va lve   Fabr i ca t ion  

T e n s i l e  test specimens of T-111,  T-222, ASTAR 811, ASTAR 8 1 1 C ,  

ASTAR 811CN and W-Re-Mo A l l o y   2 5 6   f o r  use as  con t ro l   and   l oop   spec imens  
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Cl341-5 

Figure   14 .  T-111 Bel lows  (0 .85  Inch OD x 0 .59  Inch I D  x 0.008  Inch   Wal l ) ,  
( t o p )  F o l l o w i n g   t h e   I n i t i a l  Forming  Operation by Mini-Flex 
C o r p o r a t i o n   a n d   ( l o w e r )   F o l l o w i n g   t h e   F i n a l   S i z i n g   O p e r a t i o n  
by GE-NSP. (C68010914) 
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Figure 15. Microstructure of the OD and ID Regions of a T-111 Bellows of the  Type to be 
Used in the Fabrication of the Valves fo r  the High  Temperature Alkali Metal 
Valve Loop. Etchant: 30gmNH4F-50mlHN03-20mlH~0 a) 50X  (F240213) c) 50X (F240214) 

b)  250X (F240216) d) 250X (F240215) 





Hole for 
Plug Pin . .  k- 1.11" -1 

C1341-9 

F i g u r e  1 7 .  W-25Re P lug   and  R h e n i u m  Seat  o f  t he   1 - Inch   Re f rac to ry  Metal 
High  Temperature Alkali ? l e t a l  Valve. (C67112230)  

I 
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Figure 18. Valve P l u g ,  Stem  Base  and Bellows Assembly. 
(C67090653,  C680131153,  C680131154 & C67112230) 
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were machined,  inspected  and  weighed. The t e n s i l e  tes t  specimens were 

assembled   and   inser ted   in to   the   spec imen  ho lder   and   welded   on to   the  

h e a t e r   c o m p l e t i n g   t h i s   s e c t i o n  as shown i n  Figure  19.   This   subassembly 

and   the   surge   t ank   assembly ,  shown i n   F i g u r e   2 0 ,  were annea led   for   one  

h o u r   a t  2200°F i n  t h e  Abar-90  furnace.  The hea t   t rea ted   components  were 

wrapped  with  one  layer   of  Cb-1Zr f o i l   i n   a c c o r d a n c e   w i t h  NSP S p e c i f i c a t i o n  

03-0037-00-A. 

Three P t / P t - l O  Rh thermocouples were pos i t i oned  a t  v a r i o u s  ele- 

v a t i o n s   i n s i d e   t h e  Cb-1Zr r e t o r t  of t h e   a n n e a l i n g   f u r n a c e   t o   d e t e r m i n e  

t h e   u n i f o r m i t y  of t h e   t e m p e r a t u r e  of t h e   l o o p   p a r t s .  The temperature 

of t h e   l o o p   p a r t s  was maintained a t  2200°F k 10°F  dur ing   the   one-hour  

annea l .  The resu l t s  of   chemica l   ana lys i s   o f  a T-111  specimen t h a t  was 

annealed  with  the  loop  components  are g i v e n   i n   T a b l e  I V  and i n d i c a t e  

that n o   s i g n i f i c a n t   i n c r e a s e  i n  i n t e r s t i t i a l  e l emen t s   occu r red   du r ing  

annea l ing  . 
The va lve   subassembly   wh ich   cons i s t s   o f   t he  t w o  valves  and  two 

s l ack   d i aphragm  p re s su re   t r ansduce r s  is shown i n  F igure   21 .   S ince   bo th  

T-111  and Cb-1Zr al loy  components  were involved ,  t w o  pos tweld   annea l ing  

tempera tures  were r e q u i r e d .  The  T-111 v a l v e s  and a s s o c i a t e d  T-111 

tub ing  were furnace   annea led  a t  2400'F f o r  one  hour. The r e s u l t s  of 

t h e   f u r n a c e   q u a l i f i c a t i o n  p e r  NSP S p e c i f i c a t i o n  03-0037-00-A a r e  shown 

i n   T a b l e  V .  D u r i n g   t h e   a c t u a l   f u r n a c e   r u n ,   t h e   p r e s s u r e   v a r i e d   f r o m  

2 . 2  x t o r r   a t   t h e   s t a r t   t o   9 . 1  x 10 t o r r  a t  the   end  of t h e   r u n .  -6 

The  Cb-1Zr s lack  diaphragm  t ransducers   and Cb-1Zr t u b i n g   f o r   t h e  

en t r ance  and e x i t   o f   t h e   v a l v e s  were then   welded   in to   the   assembly .  

These  welds were annea led   i nd iv idua l ly  a t  2200'F f o r  one  hour   using 

h e a t e r s   p o s i t i o n e d   o v e r   t h e   w e l d   a r e a .  The p r e s s u r e   w i t h i n   t h e   w e l d i n g  

chamber   during  these  runs  never   exceeded 1 x 10 tor r .  -5 

The f ina l   a s sembly  of t h e  High  Temperature   Alkal i  Metal Valve  Test  

Loop s t a r t e d   w i t h   t h e   p o s i t i o n i n g  of t h e   s u b a s s e m b l i e s   i n   t h e   l o o p  

s u p p o r t   s t r u c t u r e  as shown i n   F i g u r e   2 2 .  The valve  subassembly is shown 

i n  its f i n a l   p o s i t i o n   i n   F i g u r e   2 3 .   A f t e r   t h e   c o r r e c t   o r i e n t a t i o n  of 

each   subassembly   and   the   overa l l   a l ignment   o f   the   loop  had  been v e r i f i e d ,  

t h e   l o o p  was  removed  from t h e  vacuum chamber  spool section i n  i t s  suppor t  
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ASTAR 811C 

ASTAR 811CN 

F i g u r e  1 9 .  Cb-1Zr Heater and   Tens i le   Spec imen  Holder   Sec t ions   o f   the   High  
T e m p e r a t u r e   A l k a l i  Metal Valve Test Loop. S t r i n g e r  of R e f r a c t o r y  
Alloy  Specimens Shown on Right .  (C67071835) 
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Figure 20. Cb-1Zr Surge Tank Assembly. (C67071831) 

37 



TABLF: Iv 

CHEMICAL  ANALYSIS OF ~-111 SHEET SPECIMEN FOLU~WING HEAT  TREATMENT(^) OF 
HIGH-TEMPERATURE ALKAW: METAL VALVE W P  COMPONENTS 

Concentration,  ppm (b) 

Element  Before  Anneal  Wrapped  Specimen(c)  After  Anneal 

0 65 73, 74 

N 5 7, 9 

H 1 1, 1 

C 10 14, 20 

(a) One  hour  at 2200'F vacuum  heat  treatment  performed  in  Abar-90 
furnace  at  Stellite - UCC (now  Cabot  Corporation)  maximum  pressure 
1 x 10-5  torr. 

(b) Analytical  Methods: 0, N, and H - Vacuum  Fusion 
C - Combustion  Conductometric 

(c)  0.040-inch-thick  specimen  wrapped  with  one  layer of 0,002-inch- 
thick  Cb-1Zr  foil. 
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Figure  2 1 .  Valve and Pressure  Transducer  Subassembly - High Temperature 
A l k a l i  Metal Valve Loop. (C68022314) 



CHEMICAL  ANALYSIS OF T-111 SHEET SPECIMEN  FOLulWING  QUALIFICATION 

OF GENERAL EUCTRIC BREW  FURNACE  MODEL 92Y (a) 

Element 

0 

Concentration,  ppm (b) 

Before  Anneal  Wrapped  Specimen(c)  After  Anneal 

65 57, 65 

N 5 11, 13 

H 

C 

1 

10 

1, 1 

17, 21 

" 

(a) One  hour  at 2400'F heat  treatment at maximum  pressure  of  3.4 x 
10-5  torr. 

(b) Analytical  Methods: 0, N, and H - Vacuum  Fusion 
C - Combustion  Conductometric 

(c)  0.040-inch-thick  specimen was wrapped  with  layer  of  0.002-inch- 
thick  Cb-1Zr foil  during  heat  treatment. 
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Figure 22. High  Temperature  Alkali  Metal  Valve  Test Loop in  the 24  Inch 
Diameter  Vacuum  Chamber  Spool  Section  Prior to Final  Welding. 
(C68031434) 
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Figure  23.  High  Temperature A l k a l i  Metal Valve  Subassembly. (C68031433) 



s t r u c t u r e  as shown i n   F i g u r e  24 w i t h   t e m p o r a r y   s u p p o r t s   a d d e d   t o   h o l d  

t h e  EM pump d u c t   f o r   t h e   f i n a l   w e l d i n g  of t h e   l o o p   i n   t h e  weld  chamber. 

The s u r g e   t a n k ,  a s l a c k   d i a p h r a g m   p r e s s u r e   t r a n s d u c e r ,   t h e  EM pump 

i n l e t   l i n e  and t h e   e x i t  of t h e   t e n s i l e  tes t  s e c t i o n  were f i r s t   j o i n e d  

t o g e t h e r  a t  t h e  common tee c o n n e c t i o n   w i t h   f o u r  welds .  The f i n a l  

assembly  of a l l  the   loop   components  was made i n   t h e   8 - f o o t   d i a m e t e r  

e x t e n s i o n  t o  t h e  we ld  c h a m b e r   w i t h   t h e   l o o p   h e l d   i n   t h e   s u p p o r t   s t r u c -  

t u r e  as shown i n   F i g u r e  2 4 .  Three we lds  were n e c e s s a r y   t o   c o m p l e t e   t h e  

assembly.  The  seven we lds  were then   annea led  a t  2200°F f o r  one  hour 

u s i n g   t u n g s t e n  w i r e  r a d i a n t   h e a t e r s   p o s i t i o n e d   o v e r   t h e  weld  areas. 

The p r e s s u r e   i n   t h e  w e l d  chamber   du r ing   t he   annea l ing   runs   neve r   ex -  

cee."d 1 x 10 t o r r .  -5 

The loop  w a s  t h e n   t r a n s f e r r e d   f r o m   t h e  weld  chamber t o  t h e  vacuum 

chamber s p o o l   s e c t i o n  and   a t tached  t o   t h e   s u p p o r t   s t r u c t u r e .  The s t a i n -  

less s t ee l  t u b e s   f o r   t h e   g a s   p r e s s u r i z a t i o n ,   a l k a l i   m e t a l   f i l l   a n d   d r a i n  

l i n e s  were t h e n  welded  t o  t h e   l o o p .  The  vacuum  chamber c l o s u r e s  of 

t h e s e   l i n e s   a n d   t h e   s l a c k   d i a p h r a g m   p r e s s u r e   t r a n s d u c e r s  were made t o  

t h e i r   r e s p e c t i v e  vacuum f e e d t h r o u g h   i n   t h e   s p o o l   p i e c e .  The  welding 

of t h e   s t a i n l e s s  s t ee l  i n s u l a t i o n   c a n  of t h e  EM pump d u c t   a s s e m b l y   t o  

t h e  vacuum chamber   spoo l   p i ece   comple t ed   t he   a s sembly   o f   t he   l oop .  The 

e n t i r e   a s s e m b l y  was  hel ium  leak  checked  and  no  leaks were obse rved .  

The l o o p  was t h e n   c o v e r e d   w i t h  a p o l y e t h y l e n e   b a g   f o r   t r a n s f e r   t o   t h e  

test o p e r a t i o n   a r e a   f o r   i n s u l a t i o n   a n d   i n s t r u m e n t a t i o n .  
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Figure  2 4 .  High  Tempera ture   Alka l i  Metal Valve Test Loop i n  Support  
S t r u c t u r e  Used f o r   F i n a l  Assembly i n  t h e  8 Foot Diameter 
E x t e n s i o n   t o   t h e  Weld Chamber. (C68031814) 
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V .  INSTR-TJMENTATION AND INSULATION 

The  High-Temperature   Alklai  Metal Valve  Test   Loop w a s  t r a n s f e r r e d  

f r o m   t h e   f a b r i c a t i o n  area t o  a p o r t a b l e  a i r  s h e l t e r   i n   t h e  test area 

. f o r   t h e   i n s t a l l a t i o n  of   components ,   a t tachment   of   loop  thermocouples ,  

a n d   t h e   a p p l i c a t i o n   o f  Cb-1Zr f o i l   t h e r m a l   i n s u l a t i o n .  The r e i n f o r c e d  

p o l y e t h y l e n e   1 5 - f o o t   d i a m e t e r  a i r  s h e l t e r  is shown i n   F i g u r e  25. A 

c o n s t a n t   s u p p l y  of f i l t e r e d  a i r  is  f o r c e d   i n t o   t h e   s h e l t e r  by a blower 

w h i c h   m a i n t a i n s   a n   i n t e r n a l   p r e s s u r e   o f  0 . 2  p s i g   t o   s u p p o r t   t h e   e n t i r e  

weight  of t he   po lye thy lene   hemisphe re .  The walls o f   t h e  air s h e l t e r  

are s e a l e d   t o   t h e   c o n c r e t e   f l o o r  by sand  bags res t ing  on a r e i n f o r c e d  

a p r o n   t o  resist t h e  upward f o r c e   o f   t h e   i n t e r n a l  a i r  p r e s s u r e .  A 

semirigid, s t ee l - f r amed  a i r  l o c k  is  a t t a c h e d   t o   t h e  main  room t o   p e r m i t  

pe r sonne l  movement i n t o  and  out of t h e  a i r  s h e l t e r   w i t h o u t   r e l e a s i n g  

t h e   s u p p o r t i n g  a i r  p r e s s u r e .  The i n t e r l o c k   a r e a  is a l s o   u s e d   a s  a 

change room by t h e   t e c h n i c i a n s   e n t e r i n g   t h e  a i r  s h e l t e r .  A l l  personnel  

e n g a g e d   i n   i n s t r u m e n t i n g   t h e   l o o p  were r e q u i r e d   t o  wear l i n t - f r e e ,  

w h i t e   s h o e   c o v e r s ,   c o v e r a l l s ,  and g l o v e s .  A l l  loop  components were 

vacuum c l e a n e d ,   t h e n   w a s h e d   w i t h   e t h y l   a l c o h o l ,  and  vacuum c leaned  

a g a i n   t o  r emove   any   dus t   o r   fo re ign   ma te r i a l   t ha t   cou ld   have   accumul -  

ated d u r i n g   f a b r i c a t i o n   o r   f i n a l   s h i p m e n t   o f   t h e   l o o p   t o   t h e  test  a r e a .  

T e m p o r a r y   s u p p o r t s   u s e d   i n   t h e   f a b r i c a t i o n   a n d   t r a n s f e r  of t h e  

l o o p   t o   t h e  test area were removed  and  permanent  supports  and  brackets 

were i n s t a l l e d .  The  loop i s  p r i m a r i l y   s u p p o r t e d  by t h e   l i t h i u m   h e a t e r  

e l e c t r o d e s   w h i c h  are b o l t e d   t o   2 - i n c h   w i d e  by 0 .25 - inch   t h i ck  OFHC 

copper   bus   bars   which  are f a s t e n e d   t o   t h e   s u p p o r t   s t r u c t u r e .  The bus 

b a r s  are e l e c t r i c a l l y   i n s u l a t e d   f r o m   t h e   s u p p o r t   s t r u c t u r e  by alumina 

(99.7% A1203) i n s u l a t o r s .   A d d i t i o n a l   f i x e d   s u p p o r t s  were u s e d   f o r   t h e  

s l ack   d i aphragm  p re s su re   t r ansduce r s ,   t he   pe rmanen t   magne t   f l owmete r ,  

a n d   t h e   s u r g e   t a n k .  

The l o c a t i o n   a n d   d e s i g n a t i o n  of the  29  thermocouples   which were 

i n s t a l l e d  on t h e   l o o p  are shown i n   F i g u r e   2 6 .  A t y p i c a l   t h e r m o c o u p l e  

c i r c u i t ,  as shown i n   F i g u r e   2 6 ,   o r i g i n a t e s  a t  t h e   h o t   j u n c t i o n  of t h e  

t h e r m o c o u p l e ;   t h e   l e a d s  are r o u t e d   a l o n g   t h e   s u p p o r t   s t r u c t u r e   t o  a 
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F i g u r e  25. High  Temperature   Alkal i   Metal   Valve  Test  Loop During 
I n s t r u m e n t a t i o n   a n d   I n s u l a t i o n   i n   t h e  A i r  S h e l t e r .  
(C68052227) 
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Figure 26. Instrumentation for the  High  Temperature  Alkali  Metal  Valve 
Test Loop. 
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r e f e r e n c e   j u n c t i o n   b l o c k ,  shown i n   F i g u r e  27,  attached t o   t h e   i n s i d e  

w a l l  of t h e  spool s e c t i o n .  The   t he rmocoup le   r e f e rence   j unc t ion   b lock  

cons i s t s   o f   an   a lumina  (99.7 A 1  0 ) t e r m i n a l  strip mounted  on a 

copper   b lock   and   mechan ica l ly   f a s t ened   t o  t h e  walls OP t h e  chamber. 

The e n t i r e   a s s e m b l y  is sh ie lded  from the l o o p  t o  minimize   t empera ture  

g r a d i e n t s   i n  t h e  j u n c t i o n   b l o c k  as w e l l  as ma in ta in  a l o w e r   a b s o l u t e  

tempera ture   approaching  that  of   the   water -cooled  vacuum t a n k   w a l l .  A t  

t h e  r e f e r e n c e   j u n c t i o n   b l o c k ,  a t r a n s i t i o n   f r o m  the  thermocouple  wire 

t o   c o p p e r  wire is  made,  and the copper  wires are r o u t e d   t h r o u g h  the  

thermocouple vacuum feed th roughs ,  shown i n   F i g u r e  28 ,  t o  a 24-point  

r e c o r d i n g   p o t e n t i o m e t e r .  The t empera tu re  of the thermocouple  refer- 

e n c e   j u n c t i o n   b l o c k  was measured by W-3Re/W-25Re thermocouples  which 

were e l e c t r i c a l l y   c o n n e c t e d   t o   t h e   r e c o r d i n g   c i r c u i t  as shown i n   F i g u r e  

26 t o   a u t o m a t i c a l l y   c o m p e n s a t e   f o r   v a r i a t i o n s   i n  t h e  r e f e r e n c e   b l o c k  

t e m p e r a t u r e   d u r i n g   o p e r a t i o n .  

2 3  

T h e r m a l   i n s u l a t i o n   c o n s i s t i n g  of m u l t i p l e  layers of Cb-1Zr f o i l  

was s i m u l t a n e o u s l y   a p p l i e d   t o  t h e  l o o p  as the   t he rmocoup les  were i n -  

s t a l l ed .  The f o i l   u s e d   o n  a l l  c i r c u l a r   p i p e   s e c t i o n s  was 0.002 i n c h  

t h i c k  x 0 . 5  inch  wide  which had been  dimpled by p a s s i n g   t h e   f o i l  be- 

tween a hardened s tee l ,  c o a r s e   k n u r l e d   r o l l e r   w o r k i n g   a g a i n s t  a hard 

p l a s t i c  sheet.  The e f f e c t i v e   t h i c k n e s s   o f   t h e   f o i l   a f t e r   d i m p l i n g  

was between 0.009 t o  0 .012   inch .  The i n s u l a t i o n  was a t t a c h e d  t o  t h e  

t u b e  by s p o t   w e l d i n g   t h e   f o i l   t o  the tube  and t o  i tself  as succeeding  

l a y e r s  were a p p l i e d  as shown f o r  the l i t h i u m  heater i n   F i g u r e  29.  A 

minimum number  of  spot  welds were used t o  minimize   conduct ion   hea t  

losses th rough the f o i l .  A molybdenum e l e c t r o d e  was s u b s t i t u t e d   f o r  

the coppe r   spo t  w e l d e r  e l e c t r o d e   t o   a v o i d   c o n t a m i n a t i o n   o f  t h e  f o i l  

s u r f a c e s  w i t h  copper   and   an   a rgon   cover   gas  w a s  used t o   p r o t e c t  a l l  

we lded   a r eas   f rom  ox ida t ion .  

The bod ies  of t h e  h i g h   t e m p e r a t u r e   a l k a l i  metal v a l v e s  were i n -  

s u l a t e d   w i t h   4 - i n c h  wide s t r i p s  of  dimpled Cb-1Zr f o i l  as shown ir, 

F igures  30 and 31. E i g h t   l a y e r s  of f o i l  were f o r m   f i t t e d   t o   t h e  

con tour  of the body l eav ing   t he   va lve   bonne t   and  gear d r ive   exposed  

t o   a l l o w   r a d i a t i o n   c o o l i n g   d u r i n g  test o p e r a t i o n .  
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Figure 27. Thermocouple R .eference Junction  Block f o r  the High Temperature 
Alkali  Metal  Valve  Test Loop. (C68031435)  
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- . . .  . .  10.060" 1 of HC Copper Wire: 

F i g u r e  28 .  Twenty  Pin  (Copper  Thermocouple  Lead Vacuum Feedthrough) 
Var i an  Model 954-5013. (C67122141) 
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F i g u r e  29. L i th ium Heater - High  Tempera ture   Alka l i  Metal Valve Test Loop 
I n s u l a t e d   w i t h  Wraps of Dimpled Cb-1Zr F o i l .  (C68052223) 
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Figure 30. High  Temperature  Alkali  Metal  Valve  Test Loop Following 
Instrumentation and Insulation. (C68052221) 
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F i g u r e  31. Alkali  Metal Valves - High  Temperature Alkali  Metal Valve 
Test Loop. (C68052224)  
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The loop is  shown i n  Figure 32 prior t o  moving the  assembly t o  

the  test f a c i l i t y  shown in   F igure  33.  The lower port ion of t h e  loop 

can  be seen   in   F igure  34. 
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Figure 32. High  Temperature  Alkali  Metal  Valve  Test  Loop Fo 
Instrumentation and  Insulation.  (C68052225) 

llowing 
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Figure  33 .  The  24-Inch Diameter by 90-Inch  High  Getter-Ion Pumped Vacuum 
Chamber  and Associated  Equipment Used f o r   T e s t i n g   t h e  High 
T e m p e r a t u r e   A l k a l i  Metal Valve Test Loop.  (C64011410) 
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Figure 3 4 .  Lower Portion of the High Temperature  Alkali  Metal Valve 
Test Loop. (C68052226) 



V I .  VALVE TEST  OPERATION 

A .  I n s t a l l a t i o n  of t h e  Loop i n   t h e  Vacuum Chamber 

F o l l o w i n g   i n s u l a t i o n   a n d   i n s t r u m e n t a t i o n  of t h e   l o o p  mounted i n  

t h e   s p o o l   s e c t i o n ,   t h e   u n i t  was t r a n s f e r r e d   f r o m   t h e  a i r  s h e l t e r  t o  

t h e  sump s e c t i o n   o f   t h e  vacuum  chamber  and  bolted i n   p l a c e .   T h e   f i n a l  

c o n n e c t i o n s   j o i n i n g   t h e   l o o p   p r o p e r   t o   t h e   a u x i l i a r y  tes t  equipment 

a n d   t h e   c o n t r o l   c o n s o l e  were then  made and   t hese  are l i s ted  below: 

1. The loop p r e s s u r i z a t i o n   l i n e  w a s  connec ted   t o   an   a rgon  gas 

supp ly .   The   ex te rna l   a rgon  gas supply  system was of a l l  

w e l d e d   s t a i n l e s s  steel c o n s t r u c t i o n   w i t h   b e l l o w s - s e a l e d  

va lves   and  a metal d i a p h r a g m   p r e s s u r e   r e g u l a t o r .  (a) The 

argon s y s t e m  was u s e d   t o   p r e s s u r i z e   t h e   l i t h i u m   a n d   t h e r e b y ,  

p r e v e n t   b o i l i n g   i n   t h e   h e a t e r   c o i l s   d u r i n g   l o o p   o p e r a t i o n .  

The e n t i r e   s y s t e m  was he l ium  l eak   checked   a f t e r   a s sembly  

and a l l  components were baked  out a t  300°F  under  vacuum. 

The a r g o n   g a s   s u p p l y   u s e d   f o r   p r e s s u r i z a t i o n  of t h e   l o o p  

ana lyzed  (b)  as f o l l o w s  : 

A r  - 99.997% 

o2 - 5 PPm 

N2 - 5 PPm 

CH4 - 0.2  ppm 

CO - 1 ppm 

C02 - 1 ppm 

H2 - 0.25 ppm 

H 0 - 4.5  ppm 2 

2.  The EM pump s t a t o r  was s l i p p e d   o v e r   t h e  pump d u c t   i n s u l a t i o n  

c a n   a n d   b o l t e d   t o  a f i x e d   f l a n g e  on t h e  vacuum chamber. 

3. T h e   v a l v e   a c t u a t o r s  were assembled   and   a t tached  t o   t h e   m e t e r i n g  

and i s o l a t i o n   v a l v e s  as shown i n   F i g u r e  35. The  systems were 

o p e r a t e d   i n  a i r  f o r  t w o   c o m p l e t e   c y c l e s   t o   c h e c k   o u t   t h e   e n t i r e  

a c t u a t i o n   s y s t e m   i n c l u d i n g   t h e   c a b l e   a n d   m a g n e t i c   r o t a r y  vacuum 

f e e d t h r o u g h .  

~~~~ 

(a)Thermco Company, LaPor te ,   Ind iana ,  0-400 p s i g  . 
(b)Vendor   Analysis  - Matheson Company, Inc  . 
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F i g u r e  35. H i g h   T e m p e r a t u r e   A l k a l i  Metal M e t e r i n g   a n d   I s o l a t i o n  Valves 
F i n a l   A s s e m b l y   i n t o   t h e   L o o p .  (P68-10-6B) 
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4. The thermocouple   leads were connected t o  t h e   r e f e r e n c e   j u n c t i o n  

' and resistance, and con t inu i ty   checks  were repeated  on a l l  

thermocouples  from  the  loop t o  t h e   r e c o r d e r .  The flowmeter 

and the   p re s su re   t r ansduce r s   connec t ions  t o  t h e   r e c o r d i n g  

poten t iometers  were completed a t  t h i s  time. 

B. Pumpdown and  Bakeout  of t h e  Vacuum Chamber 

The b e l l   . j a r  w a s  b o l t e d   t o   t h e   s p o o l   f l a n g e  and t h e  vacuunl ch;mbcr 

was evacuated w i t h  the  turbomolecular  pump overn ight   before   the  1000 

l i t e r  per   second  ge t te r - ion  pump was turned  on.  When t h e  chamber  pres- 

s u r e  was reduced  below 1 x 1 0  t o r r  the   bakeou t   hea t e r s  were turned  on. 

The s t e a d y   s t a t e   t e m p e r a t u r e s  of the   va r ious   l oop  and vacuum components 

var ied from a  minimum of 250°F t o  525°F  with a l l  bakeout   heaters  on. 

D u r i n g   t h i s   p e r i o d   t h e   l o o p  itself was being  evacuated  through  the 

g e t t e r - i o n  pumped vacuum sys tem  on   the   l i th ium f i l l i n g  appara tus .  

-6 

Although  the  loop  system  proper  was helium  leak  checked on  numerous 

occas ions   du r ing   f ab r i ca t ion   and   fo l lowing  f i n a l  assembly ,   an   addi t iona l  

scheduled  leak  check was  performed i n   t h e  test chamber  which  assured 

t h a t   t h e r e  were no   l eaks  i n  t h e   l o o p .   T h i s   f i n a l   l e a k  test  of t h e   l o o p  

was performed by scann ing   fo r   he l ium  wi th   t he   pa r t i a l   p re s su re   n tmlyze r  

w h i l e   p r e s s u r i z i n g   t h e   i n s i d e  of the  loop  with  hel ium.  The  loop was 

found t o  be l e a k   t i g h t .   T h i s   r e s u l t  and t h e   i n d i c a t e d   l e a k   t i g h t n e s s  

of   the  tes t  chamber i t s e l f   con f i rmed   t ha t   ou tgass ing  w a s  t h e   p r i n c i p a l  

source of t h e  chamber  pressure  and  the  bakeout was cont inued.  

C .  F i l l i n g   t h e  Loop with  Li thium 

The p u r i t y   o f   t h e   d i s t i l l e d   l i t h i u m   i m m e d i a t e l y   a f t e r   d i s t i l l a t i o n  

was excellent;   however,   because of p r i o r   i n d i c a t i o n s  of p a r t i c u l a t e  

matter i n   d i s t i l l e d   l i t h i u m ,  (3) high   pur i ty   a rgon  was admitted t o   t h e  

r e c e i v e r   t h r o u g h   t h e   d i p   l e g   i n   o r d e r   t o   a g i t a t e   t h e   l i t h i u m .   T h i s  

technique would  produce a sample   conta in ing   par t icu la te   mat te r   i f   any  

was p r e s e n t .  The  sample  was  taken  immediately a f t e r   a g i t a t i o n .  The 

a n a l y s i s  of these   samples  are shown i n   T a b l e  VI. Although  s l igh t   increases  

(3)Advanced Refractory  Alloy  Corrosion Loop Program,  Quarterly  Progress 
Report No. 12 f o r  Period  Ending  April  15, 1968, NASA Contract  NAS 3- 
6474 , NASA-CR-72452. 
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TABU V I  

CHEMICAL ANALYSIS OF LITHIW FOR  THE HIGH- 

TEMF'ERA!I'URE ALKALI  METAL VALVE fl)(lP 

Element 

0 
N 
C 
Ag 
A 1  
B 
Ba 
Be 
Ca 
Cb 
co 
C r  
cu 
F e  
Mg 
Mn 
Mo 
Na 
N i  
Pb 
S i  
Sn 
S r  
T i  
V 
Z r  

As -Dis t i l l ed  

9, 10 
8, 9 

a 5  
30, 55 

4 5  
< 10 
< 10 

< 5  
< 5  

< 25 
< 5  
< 5  

25-50 
< 5  
r 5  
< 5  
-=5  

50 
< 5  

< 75 
< 1  
(5 
< 5  
< 5  

< 50 
< 25 

Concen t ra t ion ,  ppm in Lithium 
From t h e   S t i l l   R e c e i v e r  

(b) 
From t h e   T r a n s f e r  From t h e  

Agitated  System Loop( a) 

17, 20 
60 

25 
< 50 

< 5  
25 

a 5  

a 25 
< 5  
< 5  
5-25 

5 
25 
25 

< 5  
< 50 

< 5  
< 25 

50 
< 25 

< 5  
< 25 
< 25 

30, 72 

68 
€ 5  

5 
< 50 

< 5  
5 

e 25 
< 5  
< 5  

25 
5 

< 5  
< 5  
< 5  

< 75 
< 5  

< 50 
5 

< 25 

5 ,  7 

< 25 
< 25 
< 25 

13 
25, 33 

47 
< 5  
5 

< 50 

< 5  
5 

a 25 
< 5  
< 5  
( 5  

5 
5 

15 
< 5  

< 50 
< 5  

< 50 
5 

< 25 

< 25 
< 25 
< 25 

( a )   T a k e n   f r o m   l o o p   s u r g e   t a n k   a f t e r   c i r c u l a t i n g   f o r  1 h o u r   a t  500°F. 

(b) L i t h i u m   i n  s t i l l  r e c e i v e r   a g i t a t e d   w i t h   a r g o n   g a s   b e f o r e  
sampling.  
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i n   c o n c e n t r a t i o n   o f  some i m p u r i t i e s  were n o t e d   i n   t h e   s a m p l e  (No. 1086)  

t a k e n   a f t e r   a g i t a t i n g   t h e   l i t h i u m ,   t h e s e   i n c r e a s e s  were n o t   c o n s i d e r e d  

l a rge   enough  t o  p r e c l u d e   t h e   l i t h i u m  frohl u s e   i n   t h e   l o o p .  

T h e   l i t h i u m   t r a n s f e r   s y s t e m  w a s  a t t a c h e d  t o  t h e  s t i l l  r e c e i v e r  

a n d   t h e   l o o p   f i l l   v a l v e  as shown i n   F i g u r e  36. The t r a n s f e r  s y s t c l n  

c o n t a i n s  a 7 -mic ron   s in t e red ,   Type  316, s t a i n l e s s  stecl  l ' i 1 l c . r .  and ;t 

f i l t e r  made o f   doub le   du tch  t w i l l  t a n t a l u l n   c l o t h   i n  1 hc t.r:unsfer l i n c  

between  the  7-micron f i l t e r  and  the  sa1npler .   The  tantalum screen 

f i l t e r  i s  shown p r i o r   t o   a s s e m b l y   i n   F i g u r e  37. The  combinat ion  of  

t h e s e  f i l t e r s  was employed t o  p r e v e n t   p a r t i c u l a t e  matter from e n t e r i n g  

t h e   l o o p   d u r i n g   f i l l i n g .  The d i s p o s a l   t a n k   b e t w e e n   t h e   t a n t a l u m  f i l t e r  

a n d   c h a r g e   v a l v e   p e r m i t t e d   f l u s h i n g   a n d   d r a i n i n g  of t h e   l i t h i u m   t r a n s f e r  

s y s t e m   b e f o r e   f i l l i n g   t h e   l o o p .  The t r a n s f e r   s y s t e m   a n d   t h e   l o o p  were 

ou tgassed  a t  400-700°F  wi th  a g e t t e r - i o n  pump u n t i l   t h e   p r e s s u r e  rise 

r a t e  was less than   one   mic ron  l i ter  pe r   minu te .  

T h e   f o l l o w i n g   o p e r a t i o n s  were then   conduc ted  t o  f i l l  and   prepare  

t h e   l o o p   f o r   o p e r a t i o n   ( w i t h   R e f e r e n c e   t o   F i g u r e  36): 

1.  

2 .  

3. 

4 .  

5 .  

The t r a n s f e r   s y s t e m   i n c l u d i n g   t h e   c h a r g e  pol: w i t s  f i l l e d  

w i t h   l i t h i u m   ( 3 5 0 0  cc: c a p a c i t y )   b e t w e e n   t h e   r e c e i v e r  

( v a l v e  L) a n d   t h e   l o o p  f i l l  v a l v e   ( v a l v e  K K )  . 
The l i t h i u m   i n   t h e  t r a n s f e r  sys t em was t h e n  dumped i n t o   t h e  

d i s p o s a l   t a n k .  

The t r a n s f e r   s y s t e m  was r e f i l l e d   a n d   s a m p l e d .   A n a l y s i s  of 

the  sample  shown i n  T a b l e  X i n d i c a t e d   t h e   l i t h i u m   p u r i t y  

was e x c e l l e n t .  

T h e   l o o p   s u r g e   t a n k  was t h e n   f i l l e d   w i t h   t h e   c h a r g e   p o t  

i n v e n t o r y  (3500 cc) .  The l i t h i u m   l e v e l  i n  t h e   c h a r g e   p o t  

w a s   m o n i t o r e d   w i t h   t h e   l e v e l   p r o b e   u n t i l  i t  i n d i c a t e d  that 

n o   l i t h i u m   r e m a i n e d  j n t h e   c h a r g e   p o t .  

A f t e r   c i r c u l a t i n g   t h e   l i t h i u m   i n   t h e   l o o p   T o r   o n e   h o u r   a t  

abou t  5OO0F, t h e   l i t h i u m  was r e t u r n e d  t o  t h e   s u r g e   t a n k   a n d  

a sample   t aken .   The   su rge   t ank  was p r e s s u r i z e d   a n d   l i t h i u m  

c i r c u l a t i o n   r e - e s t a b l i s h e d  i n  t h e   l o o p .   T h e   l o o p   t e m p e r a t u r e  
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was main ta ined  a t  750°F u n t i l   t h e   r e s u l t s  o f   t h e   a n a l y s i s  

were o b t a i n e d .  The a n a l y s i s ,  shown i n   T a b l e  X, i n d i c a t e d  

e x c e l l e n t   p u r i t y   a n d   h i g h   t e m p e r a t u r e   l o o p   o p e r a t i o n   c o u l d  

be i n i t i a t e d .  

D . Loop Ins t   rument  a t  ion  Checkout  

The checkout  of l o o p   i n s t r u m e n t a t i o n  indicated a l l  equipment  and 

c o n t r o l s   o p e r a t e d  as r e q u i r e d   d u r i n g   t h e  low temperature (< 1000OF) 

r u n s .  

C a l i b r a t i o n   o f   t h e  three s l ack   d i aphragm  p re s su re   gauges ,   wh ich  

h a d   b e e n   o r i g i n a l l y   c a l i b r a t e d   w i t h   i n e r t  gas b e f o r e   f i l l i n g   t h e   l o o p  

w i t h   l i t h i u m ,  was r e p e a t e d   u s i n g  a c a l i b r a t e d  Wallace and  Tiernan Model 

No. FA145 p r e s s u r e   g a u g e  as t h e   s t a n d a r d .  A l l  p r e s s u r e   g a u g e s  showed 

good l i n e a r i t y   a n d   e x c e l l e n t   r e p e a t a b i l i t y .   T h e   c a l i b r a t i o n   r e s u l t s  

f o r   t h e   l i t h i u m  pump o u t l e t   g a u g e   a r e  shown i n   F i g u r e  38 and   a r e  

t y p i c a l  of t h e   r e s u l t s   o b t a i n e d   f o r   t h e   o t h e r   t w o   p r e s s u r e   t r a n s d u c e r s .  

The loop   thermocouples  were checked by o p e r a t i n g   t h e   l o o p  nt n e a r  

i so the rma l   cond i t ions   and   compar ing   t he  i n d i c a t e d  t empera tu re  of each  

t h e r m o c o u p l e   w i t h   t h o s e   a d j a c e n t   t o  i t .  Although  thermocouple  ca l i -  

b r a t i o n   r u n s   a t   t e m p e r a t u r e s   i n   t h e   r a n g e  of t h e   d e s i g n   o p e r a t i n g  

c o n d i t i o n s  (1200'F t o  210O0F) were d e s i r e d ,   h e a t   l o s s e s   f r o m   t h e  

u n i n s u l a t e d  tes t  s e c t i o n   p r e v e n t e d   i s o t h e r m a l   o p e r a t i o n .  A n e a r   i s o -  

t h e r m a l   c o n d i t i o n   i n   t h e   l o o p  was achieved  by o p e r a t i n g  a t  a r e l a t i v e l y  

h i g h   l i t h i u m   f l o w  rate  (1.5 gpm) w i t h   t h e  vacuum chamber  on  500°F 

bakeout .  The t e m p e r a t u r e   d i s t r i b u t i o n   i n   t h e   l o o p  a t  t h e   6 3 0 ° F  ca l i -  

b r a t i o n  run is shown i n   F i g u r e  39. 

A f t e r   c o m p l e t i o n   o f   t h e   c a l i b r a t i o n  tests, t h e   l o o p   s a f e t y   c i r c u i t s  

were t e s t e d  and set a c c o r d i n g   t o   t h e  t es t  p l an .   These   i nc luded   t he  

f o l l o w i n g :  

1. Loss  of c o o l i n g   w a t e r  t o  t h e  e lec t r ic  power f e e d t h r o u g h s .  

2 .  L i th ium  hea te r   ove r t empera tu re .  

3. EM pump winding   over tempera ture .  

4 .  Vacuum chamber  leak. 
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F i g u r e  38. C a l i b r a t i o n  of S lack   Diaphragm  Pressure   Transducer  a t  
EM Pump O u t l e t  - High  Tempera ture   Alka l i  Metal Valve 
Test Loop. 
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Figure 39. Temperature of Various  Loop  Components  During  Calibration 
of W-25Re/W-3Re Thermocouples  on High Temperature  Alkali 
Metal Valve Lobp. 
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The e lectr ical  c i rcu i t  f o r  t h e  vacuum c h a m b e r   l e a k   s a f e t y   c i r c u i t  

was t e s t e d   b u t  n o t  se t .  The s a f e t y  c i rcu i t  fires an   exp los ive   va lve  

r e l e a s i n g   h i g h   p u r i t y   a r g o n   g a s   i n t o   t h e  chamber i f  t h e  vacuunl chnluber 

p re s su re   i nc reases   above  3 x 10 torr. The exp los ive   va lve  was arlned 

a f t e r   s t e a d y  s t a t e  c o n d i t i o n s  had  been  reached t o  r e d u c e   t h e   p r o b a b i l i t y  

o f   i n a d v e r t e n t l y   f l o o d i n g  of t h e  chamber  due t o  a n   i o n  pump i n s t a b i l i t y  

(argon gas release).  

-6 

E.  Valve   Tes t ing  

The v a l v e s  were a c t u a t e d   d u r i n g   t h e   l o o p  tes t  under   s imula ted  

o p e r a t i o n a l   c o n d i t i o n s   g i v e n   i n   T a b l e  V I I .  The i s o l a t i o n  va lve  was 

c l o s e d   a n d   m a i n t a i n e d   i n   t h e   c l o s e d   p o s i t i o n   u s i n g   1 2   i n - l b   o f   t o r q u e  

on the   magne t i c   ro t a ry   f eed th rough  d u r i n g  t h e   s t e a d y  s ta te  o p e r a t i o n .  

The t o r q u e  was a p p l i e d  by suspending a measured  weight  from  the  magnetic 

r o t a r y   f e e d t h r o u g h   a c t u a t o r  on t h e   o u t s i d e   o f   t h e  vacuum chamber. A t  

the   end   of   each   s teady  s ta te  run   t he   t o rque   r equ i r ed  t o  unsea t   t he   va lve  

p lug   on   the   va lve  was measured by adding   the   necessary   weight  t o  t u r n  

t h e   a c t u a t o r .  

The va lve  test was i n i t i a t e d  when t h e   l i t h i u m   t e m p e r a t u r e  a t  t h e  

v a l v e s  w a s  i n c r e a s e d  t o  1200'F. During t h e  f i rs t  100   hour   pe r iod ,   t he  

i s o l a t i o n   v a l v e  w a s  c lo sed   w i th  an appl ied   load  of 1 2  in - lb  of t o r q u e  

on   t he   magne t i c   ro t a ry   d r ive   f eed th rough .  After 100 hours ,  a break-  

away to rque   o f   5 .2   i n - lb  was r e q u i r e d   t o   o p e n   t h e   i s o l a t i o n   v a l v e .  

The i s o l a t i o n   v a l v e  was t h e n   o p e r a t e d   f o r  t w o  c y c l e s   f r o m   f u l l y  open 

t o   f u l l y   c l o s e d .  The meter ing  valve was t h e n   o p e r a t e d   f o r   1 0   c y c l e s  

of 1/4   t rave l   and  2 c y c l e s  of 3/4 t r a v e l .   I n   e a c h   o p e r a t i o n ,   t h e  

valve  again  opened more s m o o t h l y   t h a n   i n   t h e   c l o s i n g   o p e r a t i o n .  

The l i t h ium  t empera tu re  a t  t h e   v a l v e s  w a s  i n c r e a s e d   t o  1400°F and 

t he   l oop   ope ra t ed   an   add i t iona l   200   hour s .  A break-away t o r q u e  of 5.3 

i n - l b  was r e q u i r e d  t o  o p e n   t h e   i s o l a t i o n   v a l v e .  The i s o l a t i o n   v a l v e  

was t h e n   o p e r a t e d   f o r   a n   a d d i t i o n a l  4 c y c l e s   f o r  a t o t a l  of 6 complete 

cyc les .   The   meter ing   va lve  was o p e r a t e d   f o r  15 of the   scheduled  20 

c y c l e s   o f   1 / 4   t r a v e l  when t h e  set screw i n   t h e   m e c h a n i c a l   c o n n e c t o r  

a t t a c h i n g   t h e   f l e x i b l e   c a b l e   t o   t h e   m a g n e t i c   d r i v e   f e e d t h r o u g h  became 

loose .   The   loop  was shutdown  and t h e  set screw re torqued   and   tes ted  

under   appl ied   load .  The f l e x i b l e   c a b l e   o n   t h e   i s o l a t i o n   v a l v e  was 
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TABLE: VI1 

VALVE  CYCLING  SCHEDUJiE 

Lithium 
Temperature 
At Valves O F  

1200 

1400 

1600 

1700 

1800 

1900 

1900 

1900 

1900 

1900 

1900 

Test 
Period 
Hours 

100 

200 

200 

500 

500 

1000 

500 

500 

500 

500 

500 

Total 
Test 
Hours 

100 

300 

500 

1000 

1500 

2500 

3000 

3500 

4000 

4500 

5000 

Cumulative  Cycles 
On Isolation  Valves 

F u l l  Travel 

2 

6 

10 

15 

25 

45 

55 

65 

75 

85 

95 

Cumulative  Cycles 
On  Metering  Valve 

1/4  Travel 3/4 Travel 

10 

30 

50 

100 

150 

250 

300 

3 50 

400 

450 

500 

2 

6 

10 

20 

30 

50 

60 

70 

80 

90 

100 



a l s o   i n s p e c t e d   a t   t h i s  time. Some s e p a r a t i o n  of t h e  woven c a b l e  wires 

was observed a t  t h e   b r a z e d   j o i n t  of t h e  cable connec tor  , and  appeared 

t o  be a r e s u l t  of i n s u f f i c i e n t   b r a z e   p e n e t r a t i o n   d u r i n g   m a n u f a c t u r e .  

The c a b l e  was r ep laced   w i th  a new assembly  which was baked  out f o r  16 

hours a t  700'F b e f o r e  i n s t a l l a t i o n .  

The  chamber was c losed   and   t he   l oop   r e tu rned  t o  t h e  1400'F va lve  

ope ra t ing   t empera tu re .  The meter ing  valve was then   opera ted  t o  complete 

i t s  s c h e d u l e d   c y c l i n g   w i t h o u t   a n y   f u r t h e r   d i f f i c u l t i e s .  The l i thiun1 

temperature  a t  t h e   v a l v e s  was increased  t o  1600'F f o r  a 200 hour   cont inu-  

ous   run   be fo re   ac tua t ion   o f   t he   va lves  would a g a i n  be performed. 

The test loop  completed 500 hours of o p e r a t i o n ,   t h e  l as t  200 hours 

of o p e r a t i o n  a t  t h e  1600'F  valve  temperature  and as p lanned ,   ac tua t ion  

of t h e   v a l v e s  w a s  i n i t i a t e d .  The measured  break-away  torque  on  the 

i s o l a t i o n   v a l v e  was 11 .7   i n - lb  as compared t o  a n   o r i g i n a l  break-away 

torque  of 5.2 in- lb   which w a s  measured a f t e r  100 hour s   ope ra t ion  a t  

1200'F.  The i s o l a t i o n   v a l v e  was t h e n   f u l l y  opened t o  start t h e   c y c l i n g  

ope ra t ion   wh ich   r equ i r e s   t he   comple t ion  of 4 c y c l e s   f r o m   f u l l y   o p e n  t o  

f u l l y   c l o s e d .   D u r i n g   t h e   i n i t i a l   c l o s i n g   o f   t h e   v a l v e ,   t h e   o v e r   p r e s s u r e  

s a f e t y   c i r c u i t  was a c t u a t e d ;   t h e   e x p l o s i v e   v a l v e   f i r e d  and  f looded  the 

vacuum chamber with  argon.   Simultaneously,  a l l  e lec t r ica l  power t o  t h e  

l i t h ium  hea te r   and  EM pump was i n t e r r u p t e d .  The l i t h i u m   i n   t h e   l o o p  

was immediately dumped i n t o   t h e   s u r g e   t a n k   b e f o r e  it c o u l d   s o l i d i f y   i n  

t he   l oop .  

* 

The exp los ive   va lve  was immediately  replaced  but  not armed  and t h e  

vacuum chamber was evacuated.  The vacuum chamber p r e s s u r e  was 1.5 x 

t o r r   a f t e r   o v e r n i g h t  pumping  (14 h o u r s )   i n d i c a t i n g   t h a t   t h e   f i r i n g  of 

t h e   o v e r   p r e s s u r e   s a f e t y   c i r c u i t  was not  due t o  an a i r  l e a k   i n   t h e  vacuum 

chamber.   During  the  subsequent  heating of t h e   l o o p ,   t h e   p a r t i a l   p r e s s u r e  

gas   ana lyze r  was  used t o   m o n i t o r   t h e   r e s i d u a l   g a s   i n   t h e  vacuum chamber 

t o  detect  any  change i n   t h e  gas composi t ion  which  would  indicate   the 

cause of t h e   o v e r   p r e s s u r e   s i g n a l .   A l t h o u g h   t h e   t o t a l   p r e s s u r e  of t h e  

vacuum chamber  increased  during  the  bakeout   per iod,   no  s ignif icant  

changes   i n   t he   r e s idua l   gas   compos i t ion  were observed.  The loop  was 

* 
The i n c r e a s e   i n   t o r q u e   r e q u i r e d   t o  open t h e   i s o l a t i o n   v a l v e  was found 
t o  be a r e s u l t  of g a l l i n g  of t h e  Mo-TZM pin ion   and   spur   gears   and   no t  
as a r e s u l t  of bonding  of  the  plug  and seat .  
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t h e n   f i l l e d   w i t h   l i t h i u m   f r o m   t h e   s u r g e   t a n k   a n d   l o w - t e m p e r a t u r e  tes t  

o p e r a t   i o n  w a s  s t a r t e d .  

I t  is b e l i e v e d   t h a t   t h e   o v e r   p r e s s u r e   s a f e t y   c i r c u i t  was   ac tua ted  

by a gas   bu r s t   wh ich  may have come f r o m   t h e   v a l v e   a c t u a t o r   s y s t e m   d u r i n g  

i ts  o p e r a t i o n .  The i s o l a t i o n   v a l v e   a c t u a t i o n   s y s t e m  w a s  o p e r a t e d   d u r i n g  

t h e  low-power r u n   a n d   t h e   e f f e c t s   o n   t h e   t o t a l   p r e s s u r e   o b s e r v e d .   A l t h o u g h  

a n o t i c e a b l e   c h a n g e   i n   t h e   t o t a l   p r e s s u r e  was observed ,  (2 x 10 t o r r   t o  

3 x lo-' t o r r )   t h e   p r e s s u r e  l e v e l  was an  order   of   magni tude less t h a n   t h a t  

r e q u i r e d   t o   f i r e   t h e   a r g o n   e x p l o s i v e   v a l v e   c i r c u i t   w h i c h  w a s  set a t  3 x 10 

t o r r .  

-7 

-6 

The l i t h i u m   t e m p e r a t u r e  a t  t h e   v a l v e s  w a s  brought  back t o  1600°F 

a n d   t h e   v a l v e s   a c t u a t e d  as schedu led .  The i s o l a t i o n   v a l v e  was cyc led  

f r o m   f u l l y   o p e n   t o   f u l l y   c l o s e d   f o u r  times. The me te r ing   va lve  was 

t h e n   o p e r a t e d   f o r   t w e n t y   c y c l e s  of 1/4 of t h e   t o t a l  stem t r a v e l   a n d  

f o u r  cycles of 3/4 t r a v e l .  T h e   v a l v e   a c t u a t i o n  was ex t remely   rough 

d u r i n g   t h e   c l o s i n g   p o r t i o n   o f   e a c h   c y c l e ;   i n   f a c t ,  a t  times t h e   t o r q u e  

r e q u i r e d   t o   t u r n   t h e   v a l v e  exceed t h e  72 i n - l b   c a p a c i t y  of t h e   r o t a r y  

magnet ic   feed through.  The cyc l ing   cou ld   on ly  be completed by jogg ing  

o r   r e v e r s i n g   t h e   d i r e c t i o n  of o p e r a t i o n  when t h e   a c t u a t i o n   s y s t e l n  

t r i p p e d .  The  vacuum  chamber  pressure  showed  large  but  decreasing 

p r e s s u r e   f l u c t u a t i o n s   d u r i n g   t h e   v a l v e   c y c l i n g   o p e r a t i o n .  

The l i t h i u m   t e m p e r a t u r e   a t   t h e   v a l v e s  w a s  i nc reased   f rom 1600°F 

t o  1700OF. After 22 hour s   o f   s t eady  s t a t e  o p e r a t i o n ,   t h e   e x p l o s i v e  

v a l v e   c i r c u i t   o f   t h e   a r g o n   f l o o d i n g   s a f e t y   s y s t e m  w a s  connec ted .   In  

less t h a n   t w o   h o u r s   a f t e r   a r m i n g   t h e   e x p l o s i v e   v a l v e ,   t h e   s a f e t y   c i r c u i t  

was a c t u a t e d ;   t h e   e x p l o s i v e   v a l v e   f i r e d   f l o o d i n g   t h e  vacuum chamber  with 

a r g o n   a n d   i n t e r r u p t i n g   t h e  loop power. 

The e x p l o s i v e   v a l v e  was a g a i n   r e p l a c e d   b u t   n o t  armed a n d   t h e  vacuum 

chamber  evacuated.   Steady state o p e r a t i o n  a t  1700°F was a c h i e v e d   i n  

f i v e   h o u r s ;   h o w e v e r   a f t e r   o n l y   t w o   a d d i t i o n a l   h o u r s  of o p e r a t i o n ,   t h e  

l o o p   a g a i n   s h u t  down as a r e s u l t  o f   an   ion  pump i n s t a b i l i t y   a r g o n   g a s  

release. S i m i l a r   ! ' a r g o n   i n s t a b i l i t y "   p r o b l e m s  were e x p e r i e n c e d   d u r i n g  

t e s t i n g  of t h e  Cb-1Zr Rankine  System  Corrosion T e s t  Loop  and are 
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d e s c r i b e d   i n   d e t a i l   i n   t h e   f i n a l   r e p o r t .  (2) The p r e s s u r e   b u r s t   t h a t  

a c t u a t e d   t h e   l o o p  power s a f e t y   c i r c u i t  was of s u f f i c i e n t   m a g n i t u d e   t o  

a l s o   a c t u a t e   t h e  ion-pump  power s a f e t y   c i r c u i t  (6 x 10 t o r r ) .   S i n c e  

t h e   e x p l o s i v e   v a l v e   o f   t h e   a r g o n   f l o o d i n g   s a f e t y   c i r c u i t  was not  armed, 

t h e  chamber w a s  not   f looded  with  argon  and  the  ion-pump  could  be 

immedia t e ly   s t a r t ed .  The loop  was opera ted  a t  low  power u n t i l  the 

vacuum chamber  pressure was less than  5 x 10 t o r r .  The loop  was 

aga in   b rough t   t o   1700°F   s t eady  s ta te  o p e r a t i o n ,   o n l y   t w o   h o u r s   a f t e r  

the  shutdown.  A t  t h i s  time, a d e c i s i o n  was made t o   c o n t i n u e   l o o p  

o p e r a t i o n   w i t h o u t   a r m i n g   t h e   e x p l o s i v e   v a l v e   u n t i l   t h e   p r o b a b i l i t y  of 

i n a d v e r t e n t l y   f l o o d i n g   t h e   c h a m b e r   w i t h   a r g o n   d u e   t o   a n   i o n  pump i n s t a -  

b i l i t y  was minimized. 

-5 

-7 

The loop  completed 1000 h o u r s   t o t a l   o p e r a t i o n   a n d   t h e   v a l v e s  were 

subsequent ly   cyc led  as scheduled .  The measured  break-away  torque on 

t h e   i s o l a t i o n   v a l v e   a f t e r  500 hours  at 1700°F was 21.0- i n - l b .   A f t e r  

o n l y   f i v e  of t h e   t e n   c y c l e s   p l a n n e d   f o r   t h e   i s o l a t i o n   v a l v e ,   t h e   a c t u -  

a t i o n   s y s t e m   s e i z e d   p r e v e n t i n g   f u r t h e r   o p e r a t i o n .  The meter ing   va lve  

c y c l e s ,   f i f t y   c y c l e s  of 1/4 t r a v e l  and t e n   c y c l e s  of 3/4 t r a v e l ,  were 

comple t ed   w i thou t   d i f f i cu l ty  . 
Although  the  planned cycles on t h e   i s o l a t i o n   v a l v e  were not  com- 

p l e t e d   t h e   v a l v e   i n l e t  temperature was inc reased  t o  t h e   n e x t  test 

t e m p e r a t u r e ,   1 8 0 0 ° F ,   f o r   t h e   n e x t  500 hour test pe r iod .  VASCO Hypercut 

s p u r  and p i n i o n   g e a r s  were ordered  a t  t h i s  time as r e p l a c e m e n t s   f o r   t h e  

Mo-TZM g e a r s   i n   t h e   v a l v e   a c t u a t i o n   s y s t e m s .   G a l l i n g   o f   t h e  Mo-TZM 

g e a r s  w a s  b e l i e v e d   r e s p o n s i b l e   f o r   t h e   v a l v e   o p e r a t i o n a l   d i f f i c u l i t i e s  

and v e r i f i e d   d u r i n g   i n s p e c t i o n  a t  the   comple t ion   of  2500 hours  of 

t e s t i n g   ( F i g u r e  45) .  

The loop  completed  the  scheduled 500 hours  of o p e r a t i o n   a t  a va lve  

temperature   of   1800 'F  without   any  interrupt ion.  The meter ing  valve wns 

t h e n   o p e r a t e d   f o r   f i f t y  cycles of 1/4 t rave l  and  t e n   c y c l e s  of 3/4 

\& I  Hoffman, E .   E .  and  Holowach, J . ,  Cb-1Zr Rankine  System  Corrosion Test 
Loop, Potassium  Corrosion T e s t  Loop  Development Topical   Report  No. 7 ,  
NASA CR-1509, 1970. 
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t r a v e l .  The i s o l a t i o n   v a l v e ,   w h i c h   h a d   p r e v i o u s l y   s e i z e d  af ter  comple- 

t i n g   o n l y  5 c y c l e s  of t h e   s c h e d u l e d  10 c y c l e s  of o p e r a t i o n  a t  1700°F, 

w a s  found t o  be   ope rab le   and   comple t ed   t he   s chedu led  10 c y c l e s  of f u l l  

t r a v e l  a t  1800OF. Al though   t he   va lve   cou ld  be o p e r a t e d ,   t h e   v a l v e  

a c t u a t i o n  movement was ext remely   rough,   and  a t  times t h e   t o r q u e   r e q u i r e d  

t o  o p e r a t e  the va lve   exceeded   t he  7 2  i n - l b   c a p a c i t y  of t h e   r o t a r y  mag- 

n e t i c   f e e d t h r o u g h .  The cyc l ing   s chedu le   cou ld   on ly   be   comple t ed  by 

j o g g i n g  or r e v e r s i n g   t h e   d i r e c t i o n  of t h e   v a l v e   o p e r a t i o n  when t h e  mag- 

n e t i c  rotary f e e d t h r o u g h   t r i p p e d .  The va lve   t empera tu re  was i n c r e a s e d  

t o  190O0F. 

A f t e r  1000 hours   of  t es t  o p e r a t i o n   a t  a v a l v e   i n l e t   t e m p e r a t u r e  of 

1900°F,   the   meter ing   va lve  was o p e r a t e d   f o r  100 c y c l e s  of  1/4 t r a v e l  

and 20 c y c l e s  of 3/4 t r a v e l .  An i n i t i a l  break-away  torque of 30 i n - l b  

w a s  r e q u i r e d   t o   o p e r a t e   t h e   i s o l a t i o n   v a l v e .  The i s o l a t i o n   v a l v e  was 

t h e n   o p e r a t e d   f o r  20 c y c l e s   o f   f u l l   t r a v e l .  As descr ibed p r e v i o u s l y ,  

t h e   v a l v e   a c t u a t i o n  movement was ex t r eme ly   rough ,   and   a t  times t h e  

t o r q u e   r e q u i r e d   t o   o p e r a t e   t h e   v a l v e   e x c e e d e d   t h e   7 2   i n - l b   c a p a c i t y  of 

t h e   r o t a r y   m a g n e t i c   f e e d t h r o u g h .  The c y c l i n g   s c h e d u l e   c o u l d   o n l y  be 

completed by j o g g i n g  or r e v e r s i n g   t h e   d i r e c t i o n   o f   t h e   v a l v e   o p e r a t i o n  

when t h e   m a g n e t i c   r o t a r y   f e e d t h r o u g h   t r i p p e d .  

The b a l l   b e a r i n g   h o u s i n g   t e m p e r a t u r e   o f   t h e   v a l v e  as a f u n c t i o n  

of t h e   v a l v e   i n l e t   t e m p e r a t u r e  is shown i n   F i g u r e   4 0 .  The a c t u a l  

o p e r a t i n g   t e m p e r a t u r e  i s  s i g n i f i c a n t l y  less t h a n   t h e   1 0 0 0 ° F   e s t i m a t e d  

s a f e   o p e r a t i n g   t e m p e r a t u r e   b a s e d   o n   h a r d n e s s  data f o r  VASCO Hypercut 

b e a r i n g s .  

The a v e r a g e   e l e c t r i c a l  power i n p u t  t o  t h e   l i t h i u m   h e a t e r  as a 

f u n c t i o n  of a v e r a g e   l o o p   o p e r a t i n g   t e m p e r a t u r e  is shown i n   F i g u r e   4 1 .  

The s ing le -phase  AC electric power w a s  measured by a H a l l  effect  w a t t -  

meter a t  t h e   o u t p u t  of the   l ow-vo l t age  power t r a n s f o r m e r .  

The l i t h i u m   f l o w  ra te  v s .   v a l v e   t r a v e l   f o r   t h e   m e t e r i n g   v a l v e ,  

o b t a i n e d   i n   t h e   p r e t e s t   c h e c k o u t  of t h e   l o o p ,  is shown i n   F i g u r e   4 2 .  

The   expe r imen ta l   da t a  w a s  a d j u s t e d  for  a c o n s t a n t  10 p s i   p r e s s u r e   d r o p  

f o r   c o m p a r i s o n   w i t h   t h e  water f l o w  tests conducted by Hoke, I n c .  
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F i g u r e  40. Bearing  Houeing  Temperature  a8 a Function of Valve  Inlet  Temperature 
During High Temperature Alka l i  Metal Valve Test. 
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Figure  41. Average b o p  Temperature a8 a Function of E l e c t r i c a l  
Power Input for High  Temper8ture A l k a l i  Metal  Valve 
Loop. 
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Figure 42.  Comparison of Water  and  Lithium Flow Test Data for High 
Temperature  Alkali  Metal Valve Based on 1900°F Lithium 
and 10 psi Pressure Drop Across  the Valve. 



The o u t p u t   v o l t a g e  of the  permanent  magnet  f lowmeter as a f u n c t i o n  

of t h e   l i t h i u m   f l o w  rate.  is shown i n   F i g u r e  43. The  flowmeter was 

c a l i b r a t e d  by mak ing   an   ene rgy   ba l ance   ac ross   t he   l i t h ium  hea te r   du r ing  

l o o p   o p e r a t i o n .  The c a l i b r a t i o n   c u r v e  is f o r   l o o p   o p e r a t i o n   a t  1900°F 

which is t h e   d e s i g n   o p e r a t i n g   t e m p e r a t u r e   f o r   t h e   s t e a d y   s t a t e   c o n d i t i o n s  

du r ing   t he   1500- to   2500-hour   pe r iod   o f   l oop   ope ra t ion .  

The tes t  l o o p  w a s  shutdown f o r   i n s p e c t i o n   a f t e r   h a v i n g   s u c c e s s f u l l y  

completed  2500  hours of o p e r a t i o n .  The l as t  1000  hours  of s t e a d y   s t a t e  

o p e r a t i o n  was c o m p l e t e d   w i t h o u t   i n t e r r u p t i o n  a t  a maximum loop  tempera-  

t u r e  of 2100'F  and a va lve   i n l e t   t empera tu re   o f   190O0F.   Typ ica l   s t eady  

s t a t e  c o n d i t i o n s   d u r i n g   t h i s  tes t  pe r iod  are shown i n   F i g u r e  44.  

The  vacuum chamber was opened f o r   v i s u a l   i n s p e c t i o n  and  extreme 

wear of t h e  Mo-TZM p i n i o n   a n d   s p u r   g e a r s  was o b s e r v e d   a s  shown i n   F i g u r e  

4 5 .   P a r t i c l e s   p u l l e d   o u t  of t h e   g e a r   s u r f a c e s  were found  on   the   top   o f  

t h e   g e a r   m o u n t .   T h e s e   o b s e r v a t i o n s   v e r i f i e d   t h e   f o r e g o n e   c o n c l u s i o n  

t h a t  Mo-TZM g a l l i n g   a c c o u n t e d   f o r   t h e   r e s i s t a n c e   o b s e r v e d   i n   a c t u a t i o n  

of t h e   v a l v e s .  

The Mo-TZM g e a r s   w e r e   r e p l a c e d   w i t h  VASCO Hypercut   spur   and  pinion 

g e a r s .  The VASCO Hypercut   gears  were p r e v i o u s l y   h e a t   t r e a t e d   t o  a hard-  

n e s s  of  Rc65  and o i l   b l a c k e n e d   t o   i m p r o v e  wear a n d   c o r r o s i o n   r e s i s t a n c e .  

The  Cb-1Zr f o i l  on t h e   u p p e r   p o r t i o n  of t h e   l i t h i u m   h e a t e r  w a s  

removed t o   r e p l a c e   t h e r m o c o u p l e s   w h i c h  had  become i n o p e r a t i v e   d u r i n g  

t h e  2500  hours of t e s t i n g .  

Some of t h e   i n n e r  layers of t h e   f o i l   i n   t h i s  area had  formed i n t o  

sponge- l ike   masses .   Chemica l   ana lyses  of t h e   d e g r a d e d   f o i l   a n d  new 

f o i l   i n d i c a t e d   n o   c o n s t i t u e n t s   o r   c h a n g e s   w h i c h   w o u l d   e x p l a i n   t h e   f o i l  

appearance .  The f o i l  was r e p l a c e d   w i t h  new f o i l   a f t e r   r e p l a c e m e n t  of 

t he   t he rmocoup les .  

Fol lowing a c h e c k   o f   l o o p   i n s t r u m e n t a t i o n   t h e  vacuum chamber w a s  

c losed  and pumpdown i n i t i a t e d .  

The loop  was brough t   t o   t empera tu re   and   l ogg ing  of tes t  hours  

commenced.  The o p e r a t i o n   c o n d i t i o n s   f o r   t h e   n e x t   2 5 0 0   h o u r s  were: 
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Figure 4 3 .  Output Voltage  Vereus Flow Rate for the  High Tmperature  Alkali  Metal 
Valve Loop. 
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Figure 4 4 .  Temperature  Distribution of  the  High Temperature  Alkali  Metal 
Valve  Loop on  1/13/69  After  1667  Hours of Test  Operations. 



Figure  45. Mo-TZM Spur  and Pinion  Gears  on the  Metering  Valve of the High 
Temperature  Alkali  Metal  Valve  Test  After  2500  Hours of Testing. 
(P69-2-26B) 
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D u r i n g   t h i s  test p e r i o d   t h e   v a l v e s  were cyc led  a t  5 0 0   h o u r   i n t e r v a l s .  

The t o r q u e   r e q u i r e d   t o   o p e r a t e   t h e   i s o l a t i o n   v a l v e   d e c r e a s e d   f r o m   1 6 . 8  

i n - l b   a f t e r  a t o t a l   o f  3000 hours  of t e s t i n g  t o  8 i n   l b   a t   t h e  comple- 

t i o n  of t h e  5000 hour t es t .  These  values   can  be  compared t o  a t o r q u e  

of 4 0 . 8   i n - l b   r e q u i r e d   t o   o p e r a t e   t h e   v a l v e   b e f o r e   r e p l a c i n g   t h e  Mo-TZM 

p in ion   and   spu r  gears w i t h  VASCO Hypercut   gears .  

F. P o s t t e s t   S a m p l i n g  of t h e   L i t h i u m  

The l o o p   t e m p e r a t u r e  w a s  lowered t o  1 0 0 0 ° F   i n   p r e p a r a t i o n   f o r  

s ampl ing   t he   l i t h ium.   The   d ra in ing   and   s ampl ing  l i n e s  were a t t a c h e d  

t o   t h e   l o o p   f a c i l i t y  as shown in   F igure   46 .   Fol lowing   he l ium  mass  

spec t romete r   l eak   check ing   t he   s ampl ing  sys t em w a s  ou tgassed  a t  375- 

450°F u n t i l   t h e   p r e s s u r e  rise rate  w a s  less than  10 m i c r o n - l i t e r s   p e r  

minute a t  t e m p e r a t u r e .   T h e   l i t h i u m   f r o m   t h e   l o o p  was d r a i n e d   i n t o   t h e  

s u r g e   t a n k .  The loop  was t h e n   p r e s s u r i z e d   f r o m   t h e   c o n t r o l   c o n s o l e  

th rough   t he   l oop   b low down l i n e .   V a l v e s  0 and @ were opened 

i n t e r m i t t e n t l y   t o   f l u s h   t h e  dump l i n e   w i t h   l i t h i u m   p r i o r   t o   s a m p l i n g .  

Valve @ was then  opened  and a sample   tube  was f l u s h e d  by ove r f lowing  

l i t h i u m   i n t o   t h e   s a m p l i n g   r e s e r v o i r .  The  sample  tube was c o o l e d   t o  room 

t empera tu re   and   r emoved   fo r   ana lys i s  of t h e   l i t h i u m .  The remain ing  

s y s t e m  was l e f t   i n t a c t   s h o u l d   a d d i t i o n a l   s a m p l i n g   b e   r e q u i r e d .  

The a n a l y s i s  of t h e   l i t h i u m  is shown i n   T a b l e  VIII. The  oxygen 

c o n c e n t r a t i o n   i n c r e a s e   i n   t h e   l i t h i u m  is c o n s i s t e n t   w i t h   t h e   f a c t   t h a t  

a t   t h e   l o o p   o p e r a t i n g   t e m p e r a t u r e s   l i t h i u m  w i l l  remove  oxygen  from  the 

Cb-1Zr l o o p   m a t e r i a l ,   a n d   t h e   v o l u m e   o f  Cb-1Zr t o  volume  of l i t h i u l n  is 

s u f f i c i e n t l y   h i g h .  The l i t h i u m   i n   t h e   l o o p  w a s  s u b s e q u e n t l y   d r a i n e d  

* 

i n t o   t h e  dump t a n k   t h r o u g h   v a l v e s  @ and @ by p r e s s u r i z i n g   t h e  

loop   th rough  the   b low down l i n e .  

* 
Oxygen d e c r e a s e s   i n  Cb-1Zr loop   componen t s   i nd ica t ed   i n   Tab le  X I 1 1  
of t h i s   r e p o r t .  
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Vac-Argon 

6' Sample 
Tube - 
1/2" OD x 
20 mil Wall, 
321 SS 

Sampling 
Valve 

To Loop 
Overflow 
Reservoir  Vac-Argon 

10 Micron  Mesh 
Filter, 304 SS 

\ 
Surge  Tank 
Drain  Valve 

Level 
Probe  Dump  Tank 
Well 

F i g u r e  4 6 .  Schematic  Diagram of the   Dra in ing   and   Sampl ing  of t h e   L i t h i u m  
From the  High  Temperature  Valve Loop. 
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T A B U  VI11 

CHEMICAL  ANALYSIS OF LITHIUM 

HIGH TEMPERATURE ALKALI METAL VALVE LOOP 

Element 

0 
N 
C 
Ag 
A 1  
B 
Ba 
Be 
Ca 
Cb 
co 
Cr 
cu 
Fe 
Mg 
Mn 
Mo 
Na 
Ni 
Pb 
Si 
Sn 
Sr 
Ti 
v 
Zr 

" Concentration, ppm i n  Lithium 
Before Test (a )  After T e s t  (b) 

13 
25, 33 

47 
< 5  

5 
< 50 - 

< 5  
5 

< 25 
< 5  
< 5  
< 5  

5 
5 

< 5  
< 5  

< 50 
< 5  

< 50 
5 

< 25 
- 

< 25 
< 25 
< 25 

193, 221 

34, 51, 70 
< 5  

5 
< 75 

1, 1 

- 
< 5  

5 
< 25 

< 5  
< 5  
< 5  

5 
5 

< 5  
c 5  
c 7 5  

< 5  
< 50 

5 
< 25 

< 25 
< 25 
< 25 

- 

. .  " - . . 

(a )  Removed from the  loop before t e s t i n g  was i n i t i a t e d .  

(b) Removed from the  loop  fo l lowing  5000 hours   o f   tes t ing .  
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V I 1  . POSITEST EVALUATION 

A .  T e n s i l e   T e s t  SDecimens 

1. Visual Examination 

A s  d e s c r i b e d   p r e v i o u s l y   s h e e t  t ens i l e  specimens of ASTAR 811C,  

ASTAR 811CN,  ASTAR 811, T-111,  T-222,  and W-Re-Mo Alloy  256 were ex- 

posed t o  f l o w i n g   l i t h i u m  i n  a specimen  housing  which was p a r t   o f   t h e  

l o o p   c i r c u i t .  

P r i o r   t o   s e c t i o n i n g   t h e   s p e c i m e n   h o u s i n g ,   r a d i o g r a p h s  were obta ined  

t o  d e l i n e a t e   t h e   p o s i t i o n   o f   t h e   s p e c i m e n s   w i t h i n .  The r a d i o g r a p h s  

which were t a k e n  a t  t h r e e   d i f f e r e n t   l o c a t i o n s   r e v e a l e d   t h a t   t h e   s p e c i -  

mens were p e r f e c t l y   a l i g n e d   w i t h i n   t h e   h o u s i n g .  

The  specimen  housing was subsequen t ly   opened   i n  a g l o v e  box 

equipped   wi th  a r ec i r cu la t ing  argon p u r i f i c a t i o n   s y s t e m   c a p a b l e  of 

main ta in ing   the   a tmosphere  a t  less t h a n  1 ppm oxygen  and less t h a n  1 

ppm water v a p o r .   T h e   t e n s i l e  tes t  speci lnens  and  the  specimen  housing 

were then   c l eaned  of a l l  r e s i d u a l   l i t h i u m  by reac t ion  w i t h   l i q u i d  

ammonia, fol lowed by a f i n a l   d e i o n i z e d  water r i n s e .  

Upon complet ion of c l e a n i n g   t h e   t e n s i l e  test specimens were care- 

f u l l y  examined v i s u a l l y .   T h e r e  were no s i g n i f i c a n t   c h a n g e s   o b s e r v e d  

i n  any of the   spec imens .  

2 .  Weight  Change  Measurements 

The cleaned  specimens were weighed t o  t h e   n e a r e s t   0 . 0 0 0 1  gram 

immedia t e ly   a f t e r   c l ead ing   and   t he i r   we igh t s   compared   w i th   p re t e s t  

we igh t s .   The   r e su l t s   o f   t hese   we igh ings  are shown i n  Table  IX. It 

can b e   s e e n   t h a t   t h e   d i r e c t l o n  of the   we igh t   changes ,  i . e .  p l u s   o r  

minus, are c o n s i s t e n t  f o r  t h e  two specimens of e a c h   a l l o y .  The  magni- 

t u d e  of t he   changes  are a l s o   c o n s i s t e n t   f o r   t h e  ASTAR 811CNy T - l l l y  

and W-Re-Mo Al loy   256   spec imens .   Overa l l   the   changes  are small and 

t h e i r   s i g n i f i c a n c e  is  d i f f i c u l t  t o  a s c e r t a i n .  

3. Chemical   Analysis  

Samples were removed  from t h e   c o r n e r s  of t h e   t e n s i l e   s p e c i m e n   t a b s  

and  analyzed  for   oxygen,   ni t rogen,   and  hydrogen by t h e  vacuum f u s i o n  



TABLE I X  

SPECIMEN  WEIGHT  MEASUREhlENTS  BEFORE AND AFTER 5000 HOURS OF EXPOSUm TO LITHIUM IN 
THE HIGH TEMPERATURF:  ALKALI  METAL  VALVE  LOOP 

E n t r a n c e   t o  Specimen 
Tes t   Sec t   i on  

2087 F 

Lithium Flow 

SDecimen 
Weight  Before 

Tes t  
Weight  After 

Tes t  

ASTAR 811C 

ASTAR 811CN 

ASTAR 811 

T-111 

T-222 

W-Re-Mo Alloy 256 

16.9840 g . 
16.7661 g .  

15.7695 g .  
15.4443 g .  

15.4543 g .  
15.2836 g .  

15.8614 g. 
15.7623 g .  

16.5066 g .  
16.3279 g .  

7.9034 g .  
7.9024 g .  

16.9850 g. 
16.7665 g .  

15.7691 g .  
15.4437 g .  

15.4546 g .  
15.2846 g . 
15.8594 g .  
15.7604 g. 

16.5054 g .  
16.3277 g. 

7.9053 g .  
7.9041 g. 

Change 

+ 0.0010 g .  
+ 0.0004 g .  

- 0.0004 g . 
- 0.0006 g .  

+ 0.0003 g .  
+ 0.0010 g .  

- 0.0020 g .  
- 0.0019 g .  

- 0.0012 g. 
- 0.0002 g .  

+ 0.0019 g .  
+ 0.0017 g .  

Exit of  Specimen 

1972'F 
Tes t   Sec t ion  



technique  and  for   carbon by the  combust ion  conductometr ic   technique.  

Samples were ob ta ined   i n   t he   a s - r ece ived ,   p re t e s t   annea led  and p o s t t e s t  

c o n d i t i o n s .  The r e s u l t s  of t h e s e   a n a l y s e s  are p resen ted   i n   Tab le  X .  I n  

genera l  l i t t l e  change i n  oxygen,  nitrogen,  hydrogen or carbon  concentrn-  

t i o n  w a s  observed   as  a r e s u l t  of t h e  one  hour at  2200°F  anneal. A s l i g h t  

decrease i n  oxygen c o n c e n t r a t i o n   i n   t h e  ASTAR 811CN al loy  specimens and a 

s l i g h t   i n c r e a s e   i n   c a r b o n   c o n c e n t r a t i o n   i n   t h e  ASTAR 811 al loy  specimens 

was obse rved   a f t e r   annea l ing .  

Chemical  analyses of t he   spec imens   a f t e r   exposure  t o  the   f l owing  

l i t h i u m   f o r  5000  hours showed  numerous  changes i n   i n t e r s t i t i a l   e l e m e n t  

c o n c e n t r a t i o n s .  The ASTAR 8 1 1 C  al loy  specimens showed only  an  increase 

i n   n i t r o g e n   c o n t e n t .  The ASTAR 811CN a l l o y   s p e c i m e n s   l o s t   c a r b o n ,   n i t r o -  

gen  and  oxygen.  These losses may exp la in   t he   obse rved   we igh t   l o s ses  re- 

ported ear l ie r .  I t  is i n t e r e s t i n g  t o  n o t e   t h a t   t h e   c h a n g e s   i n   n i t r o g e n  

c o n c e n t r a t i o n   i n   t h e  ASTAR 8 1 1 C  and ASTAR 811CN al loy  specimens (ASTAR 

8 1 1 C  increased  and ASTAR 811CN d e c r e a s e d )   r e s u l t e d   i n   t h e   f i n a l   n i t r o g e n  

concent ra t ions   be ing   approximate ly   equal   in   the  t w o  a l l o y s .  The ASTAR 

811 a l l o y  showed only a d e c r e a s e   i n  oxygen concent ra t ion .   Again  i t  is 

i n t e r e s t i n g   t h a t   t h e  ASTAR 811 a l loy   d id   no t   p i ck -up   n i t rogen  as was 

obse rved   i n   t he  ASTAR 8 1 1 C  al loy  specimens.  

The  T-111 a l loy   spec imens   exhib i ted  a n i t r o g e n  increase and  an  oxygen 

l o s s .  The observed   weight   loss   p rev ious ly   d i scussed   can ,   therefore ,   no t  

be  accounted  for  by i n t e r s t i t i a l   c h a n g e s   a l o n e .  The T-222 al loy  specimens 

a l so   p i cked   up   n i t rogen  and l o s t  oxygen a s   d i d   t h e  T-111 a l l o y ,   b u t   t h e  

n i t rogen   i nc rease  was s i g n i f i c a n t l y   l a r g e r   t h a n   t h a t   o b s e r v e d   i n   t h e  T-111 

a l l o y .  

The W-Re-Mo Alloy  256  alloy  specimens showed inc reases   i n   ca rbon ,  

n i t rogen   and   oxygen   concent ra t ion   a f te r   exposure   to   l i th ium.   These  

specimens were the  only  specimens  which showed a n   i n c r e a s e   i n  oxygen 

concen t r a t   i on .  

I t  is  d i f f i c u l t   t o  draw  any spec i f ic   conc lus ions   regard ing  t h e  ob- 

s e r v e d   c h a n g e s   i n   i n t e r s t i t i a l   c o n c e n t r a t i o n s   i n  view  of t h e   v a r i e t y  of 

m a t e r i a l s   i n v o l v e d   a s  w e l l  as t h e   t h e r m a l   g r a d i e n t   p r e s e n t   i n   t h e   t e n s i l e  

t e s t  s ec t ion   bu t  it appea r s   t ha t  some n i t rogen  mass t r ans fe r   has   occu r red  

as  i n d i c a t e d  by t h e   a n a l y s i s  of the   t an ta lum  a l loy   spec imens .  
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TABLE I 

RESULTS OF TENSILE  SPECINEN CAElIICAL ANALYSIS 

Pretest  Analyses,  ppn 
As-Received 

Specimen  C N 0 H 

ASTAR 811C 
"" 

Avg 243 5 12 3 
237.249 4,6  10,13  2,3 

ASTAR  811CN  173,177 80.71 38,34 3,2 
Avg 175 76 3 36 

03 
"3 ASTAR 811 

Avg  14 9 10 3 
11,16 11.7 9,lO 3,2 

T-111 

T-222 

Avg 19 4 36 2 
19,lS  3,4 38,33 2.2 

119,101 5.5 66,66 4.4 
Avg 110 5 66 4 

W-Re-Yo  Alloy 256 8,4 < 1,< 1 11,8 <I,< 1 
Avg 6 < 1 10 < 1  

Pretest  Analyses, ppm 
One  Hour  Anneal at 220O0F 
C N 0 A 

270,284 4.4 10,9 < 1,< 1 
277 4 10 < 1  

"" 

167,205 60,74 16,16 < 1,< 1 
186 67 16 < 1  

31,48 11,6 12.11 < 1,< 1 
40 9 12 < 1  

21,34 3,2 36,32 < 1.< 1 
28 3 34 < 1  

83,107 4.6 45,49 < 1.< 1 
95 5 47 < 1  

* 
Posttest  Analyses,  ppa 

5000 Hour Exposure to Lithium 
C N 
"" 0 A 
251,254 30.32 5 , 8  < 1,< 1 
253 31 7 < 1  

131,133 31,30 7.7 < 1,<  1 
132 31 7 < 1  

29.29 8.6 4.3 <1,< 1 
29 7 4 < 1  

30,31 41.46 4,6 < 1,< 1 
31 44 5 < 1  

99,107 111,115 9,4 < 1,< 1 
103 113 7 < 1  

20.14 12.4 17.16 < 1,< 1 
17 8 17 < 1  

Exposure  Temperature  Gradient 
Tensile  Speci nen 

Entrance to Specimen 
Test Section 

2087'F 

Lithium Flow 

I 
Exit of Specimen 
Test  Section 

1972.P 

*Annealed  one hour at  2200'F during  postreld  anneal. 



4 .   T e n s i l e   T e s t i n g  

Room temperature  and  2000°F vacuum t e n s i l e  tests were performed  on 

s p e c i m e n s   i n   t h e   a s - r e c e i v e d ,   p r e t e s t   a n n e a l e d ,   a n d   p o s t t e s t   c o n d i t i o n s .  

The r e s u l t s  of   the  room t e m p e r a t u r e   t e n s i l e  tests are shown in Table X I  

and t h e   r e s u l t s  of the  2000°F vacuum t e n s i l e  tests are shown i n   T a b l e  X I I .  

A l l  materials were i n   t h e   r e c r y s t a l l i z e d   c o n d i t i o n  when r ece ived  

w i t h   t h e   e x c e p t i o n  of t h e  ASTAR 8 1 1 C  and T-222 a l l o y s .  The ASTAR 811CN,  

ASTAR 811, and T-111 a l l o y s  had  been  given a r e c r y s t a l l i z a t i o n   a n n e a l  of 

1 hour a t  3000°F  whi le   the  W-Re-Mo Alloy  256 was g iven  a r e c r y s t a l l i z a -  

t i o n   a n n e a l  of  20  minutes a t  2550°F.  For  the  purposes of t o t a l  tes t  

d a t a   e v a l u a t i o n  i t  would   have   been   des i rab le   for  a l l  specimens t o  be i n  

t h e   f u l l y   r e c r y s t a l l i z e d   c o n d i t i o n   p r i o r   t o   e x p o s u r e  t o  l i th ium.   Those  

specimens i n   t h e   p r e t e s t   a n n e a l e d   c o n d i t i o n  had  been  given a s imula t ed  

postweld  anneal  of 1 hour a t  2200°F. The pos t t e s t   spec imens  had a l s o  

been   annea led   fo r  1 hour a t  2200°F  during  the  postweld  anneal ing of 

l o o p   c o m p o n e n t s   d u r i n g   f a b r i c a t i o n ,   i n   a d d i t i o n   t o   b e i n g   e x p o s e d   t o  

l i t h i u m  a t  2100°F f o r  5000 hour s .  

A s  w o u l d   b e   a n t i c i p a t e d ,   t h e   u l t i m a t e   t e n s i l e  and y i e l d   s t r e n g t h s  

of a l l  s p e c i m e n s   i n   e a c h   t e s t i n g   c o n d i t i o n ,  i.e., p r e t e s t   a s - r e c e i v e d ,  

p r e t e s t   a n n e a l e d ,  and p o s t t e s t ,  were less a t  2000°F a s  compared t o  t h e  

room t e m p e r a t u r e   r e s u l t s .   A s s o c i a t e d   w i t h   t h e   d e c r e a s e   i n   s t r e n g t h  was 

a n   i n c r e a s e   i n   e l o n g a t i o n   w i t h   t h e   e x c e p t i o n   o f   t h e  ASTAR 811CN samples 

whose d u c t i l i t y   a t  2000°F was s l i g h t l y  less than  i t s  room tempera tu re  

d u c t i l i t y .  

The p re t e s t   annea l   and   l i t h ium  exposure  of t h e  T-111 a l loy   spec imens  

had l i t t l e  e f f e c t  upon i ts  u l t i m a t e   s t r e n g t h .  The  T-111 specimens  ex- 

h i b i t e d  a room t e m p e r a t u r e   u l t i m a t e   t e n s i l e   s t r e n g t h  of 9 4 , 0 0 0   p s i   i n  

t h e   p o s t t e s t  and p r e t e s t   a n n e a l e d   c o n d i t i o n  as compared t o  97 ,000   ps i  

i n   t h e  as-received c o n d i t i o n .  The l i th ium  exposed  T-111 specilllens 

e x h i b i t e d  a s l i g h t l y   h i g h e r   u l t i m a t e   s t r e n g t h  a t  2000°F  (56 ,800   ps i )  

compared t o   t h e   s t r e n g t h  of as - rece ived   spec imens   (54 ,400   ps i ) .  The 

s p r e a d   c a n n o t   b e   c o n s i d e r e d   s i g n i f i c a n t   i n   e i t h e r  case. The y i e l d  

s t r e n g t h  and d u c t i l i t y  o f   t he  T-111 a l l o y s   e x h i b i t e d - l i t t l e   o r   n o  

change  due t o   e x p o s u r e   t o   t h e   l i t h i u m   i n   e i t h e r   t h e  room tempera tu re  
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TABLE X I  

RESULTS  OF R O O M  TEMPERATURE TENSILE  TESTS FOR 
HIGH TEMPERATURE ALKALI METAL  VALVE L13oP 

U.T.S. 
Specimen ( k s i )  

P r e t e s t  - A s  Received 

ASTAR 811C 168 .O 

ASTAR 811CN 116.0 

ASTAR 8ll'a' 88.7 

T-111 96.9 

T-222 132.0 

( a )  

W-Re-Mo 
Alloy 256 ( a )  163.0 

P r e t e s t  - Annealed 1 Hour a t  2200°F 

ASTAR 8 1 1 C  132.0 

ASTAR 811CN 105.0 

ASTAR 811 ( a )  87.5 

93.8 T-111 

T-222 (a)  120.0 

( a )  

W-Re-Mo 
Alloy 256 ( a )  162.0 

0.02% 
Y . S .  

( k s i )  

137.0 

104.0 

71.0 

89.0 

121.0 

142.0 

112.0 

93.9 
71.9 

87.5 

101.0 

136.0 

159.0 39.0 

104.0 42.0 

74.5 59.5 

93.0 83.0 

128.0 73.0 

144.0  5.5 

117.0 30.5 

96.0 54.5 
76.1 68.0 

90.9 72.5 

106.0 68.0 

143.0  10.5 

Elongat ion 
(%I 

5.0 

24.0 

36.0 

35.0 

12.0 

11.0 

13.0 

30.0 
33.5 

36.5 

24 . O  

11.5 

Posttest(b)-  Annealed 1 Hour a t  2200°F  During  Postweld  Annealof Loop 

Entrance   to  Specimen 
Test Section 

2087 F ASTAR 8 1 1 C  (a)  94.2  72.5  78.0  68.0 28.0 

ASTAR 811CN 90.5  62.3  64.4  62.0  33.0 

ASTAR 811 (a)  87.5  73.5  73.5  62.5  30.0 
I 
1 

Lithium Flow ( a )  
T-111 93.9 82.0 87.9 65.0 34 .0  

T-222 (a) 112.0 91.5 95.0 64.0 25.5 
Exit  of Specimen W-Re-Mo 

Test Sect  ion  Alloy 256 ( a )  160.0  135.0  142.0  8.0 9.0 
1972OF 

.- ~" ~~~~ - ~ ~ . ~~ ". -~ "~ . .  

( a )  Exhibited  double  yielding on load  def lect ive  curve.  

(b) 5000 hour  exposure t o  flowing  lithium  through  indicated  tenlperature 
g r a d i e n t .  
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TABLE XI1 

RESULTS  OF 2000°F VACUUM TENSILE  TESTS FOR HIGH TEMPERATURE ALKALI METAL VALVE LOOP 

cb 
0 

E n t r a n c e   t o  Specimen 
Test   Sect   ion 

2087 F 

Lithium Flow 

Vacuum U.T.S. Y . S .  Y.S. RA 
Specimen  Torr  (x  (ksi) Cks i )  ( k s i )  (%I 
P r e t e s t  - As-Received 

ASTAR 8 1 1 C  3 .O 82.8  51.1  62.5  58.5 
ASTAR 811CN 3 .8   58 .5  29.8 34.2 53.0 
ASTAR 811 2.8  43.7 19 .3  23.7 53.5 
T-111 4.2  54.4 28.6 30.0 62.5 
T-222 2.4  78.8 49.9 61.6 49.0 

"- - 

W-Re-Mo Alloy  256  2.2  67.5  51 .O 58 .O 40.0 

P r e t e s t  - Annealed 1 H r  @I 2200°F 

ASTAR 811C 1 .o 76.9  47.7  59.5  40.0 
ASTAR 8 11CN 2.2  56.5 30.0 33.4 61.5 
ASTAR 811 3.8 44.0 22.2 24.7 68.0 
T-111 1.8 55.5 28.0 30.6 65 .O 
T-222 4 .5   73 .0  46.7 56.7 48.0 
W-Re-Mo Alloy  256 3.4  66.8 47.4 54.4 27.0 

P o s t t e s t *  - Annealed 1 Hr @ 2200'F  During  Postweld  Anneal of Loop 

ASTAR 811C 1.1 50.2 23.7 27.6 69.5 
ASTAR 811CN 1.3 47.9 26.4 30.8 75.5 
ASTAR 811 2.4  43.9 21.2 24.0 67.0 
T-111 3.2  56.8 25.0 30.0 77.0 
T -222 3.2  68.6 41.6 47.8 43.5 
W-Re-Mo Alloy  256 1.7  69.2 50.5 57.6 33.5 

18.0 ' 

22 .o 
35 .O 
40 .O 
14.5 
20 .o 

11.3 
28 .O 
33 .o 
39 .O 
20 .o 
15 .O 

31.5 
29 .O 
36 .O 
36.5 
26.5 
15.5 

Exi t  of Specimen 

1972°F 
Tes t   Sec t ion  

~ ~~~ 

* 
5000  hour  exposure to   f l owing   l i t h ium  th rough   i nd ica t ed   t empera tu re   g rad ien t .  



o r   2 0 0 0 ° F   t e n s i l e  tests. I t  is conc luded   t ha t   t he   l i t h ium  exposure   had  

no e f f e c t  u p o n   t h e   s t r e n g t h   a n d   d u c t i l i t y  of t h e  T-111 a l l o y .  

The u l t i m a t e   a n d   y i e l d   s t r e n g t h  of t h e  ASTAR 811CN a l loy   spec imens  

a l t h o u g h   g r e a t e r   t h a n   t h e  T-111 a l l o y   s a m p l e s   i n   t h e   a s - r e c e i v e d   c o n -  

d i t i o n   d e c l i n e d   t o  a s t r e n g t h  less t h a n   t h a t  of t h e  T-111 a l l o y   a f t e r  

e x p o s u r e .   T h i s   c h a r a c t e r i s t i c  w a s  t r u e  of b o t h   t h e  room tempera tu re  

and  2000°F test d a t a .  

The e f f e c t s  of t h e   l i t h i u m   e x p o s u r e s   o n   t h e  W-Re-Mo Alloy  256 were 

n e g l i g i b l e .   T h e r e  w a s  a s l i g h t   r e d u c t i o n   i n   u l t i m a t e   a n d   y i e l d   s t r e n g t h s  

of t he   l i t h ium  exposed   spec imens  as compared t o   t h e   a s - r e c e i v e d   s p e c i m e n s  

i n   b o t h   t h e  room temperature  and  2000°F tests. The t u n g s t e n   a l l o y   s p e c i -  

mens a l t h o u g h   e x h i b i t i n g  a g r e a t e r   s t r e n g t h   t h a n   t h e  T-111 a l loy   spec imens  

i n   b o t h   p r e t e s t   a n d   p o s t t e s t   c o n d i t i o n s  showed a lesser d u c t i l i t y .  The 

t u n g s t e n   a l l o y   s p e c i m e n s  showed a g r e a t e r   p e r c e n t a g e   r e d u c t i o n  of s t r e n g t h  

between room tempera ture   and   2000°F  than   d id   the   T-111.  

The l i t h i u m   e x p o s u r e   o f   t h e  ASTAR 811 spec imens   had   negl ig ib le  

e f f e c t  upon t h e i r   s t r e n g t h   a n d   d u c t i l i t y  a t  bo th  room temperature   and 

2 0 0 0 ' F .   A l t h o u g h   e x h i b i t i n g   c o m p a r a b l e   d u c t i l i t y   t o   t h e  T-111 a l l o y  

spec imens   the  ASTAR 811 a l l o y  had less s t r e n g t h   t h a n   t h e  T-111 a l l o y .  

The e f f e c t s  of t h e   l i t h i u m   e x p o s u r e   o n   t h e  T-222 a l l o y  showed an 

approximate 14% r e d u c t i o n   i n   s t r e n g t h  of t he   pos t t e s t   s ample   compared  

t o   t h e   p r e t e s t   s a m p l e   a t   b o t h  room tempera tu re  and  2000'F. S i m i l a r l y ,  

t h e  ASTAR 8 1 1 C  a l l o y  showed an  approximate 40% r e d u c t i o n   i n   s t r e n g t h  

of t h e   p o s t t e s t   s p e c i m e n   c o m p a r e d   t o   t h e   p r e t e s t   s p e c i m e n  a t  bo th  room 

temperature   and  2000°F.   Consider ing  weight   change  measurements ,   chetnical  

a n a l y s e s ,   a n d   m e t a l l o g r a p h i c   e x a m i n a t i o n   ( t o  be d i s c u s s e d   l a t e r )   t h e  

r e d u c t i o n  of s t r e n g t h   a n d  increase i n  d u c t i l i t y  is most l i k e l y  a r e s u l t  

of r e c r y s t a l l i z a t i o n  of t h e  T-222 and ASTAR 8 1 1 C  spec imens   du r ing   t he  

l i t h i u m   e x p o s u r e   a n d   n o t   d i r e c t l y   d u e   t o   a n y   e f f e c t s  of t h e   l i t h i u m .  

The s t r e n g t h   o f   t h e   l i t h i u m   e x p o s e d  ASTAR 8 1 1 C  a l l o y   s p e c i m e n s  a t  

room tempera tu re  are comparable t o   t h e  T-111 a l l o y   s p e c i m e n s   b u t   e x h i b i t  

less d u c t i l i t y .  A t  2000°F  the  ASTAR 8 1 1 C  spec imens   exh ib i t  less s t r e n g t h  

and d u c t i l i t y   t h a n   d o   t h e  T-111 a l loy   spec imens .  
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The s t r e n g t h   o f   t h e   l i t h i u m   e x p o s e d  T-222 a l l o y   s p e c i m e n s  is greater 

t h a n   t h a t  of t h e  T-111 a l l o y  a t  bo th  room temperature   and  2000'F  while  

e x h i b i t i n g  a lesser d u c t i l i t y   i n   b o t h  cases. 

Load d e f l e c t i o n   c u r v e s  of t h e  room t e m p e r a t u r e   t e n s i l e  tests showed 

t h a t  many spec imens   exh ib i t ed  a d o u b l e   y i e l d i n g   c h a r a c t e r i s t i c  as noted 

i n   T a b l e  X I .  There was n o   c o n s i s t e n c y   t o   t h e   t y p e  of spec imen  or  t es t -  

i n g   c o n d i t i o n   f o r   t h e   p r e s e n c e   o f   t h e   d o u b l e   y i e l d i n g .   H o w e v e r ,  as w i l l  

be e x p l a i n e d   i n   t h e   m e t a l l o g r a p h i c   e x a m i n a t i o n   s e c t i o n ,  some t e n s i l e  

s p e c i m e n s   e x h i b i t e d   l o n g i t u d i n a l   c r a c k i n g   d u r i n g   f r a c t u r e .  A l l  specimens 

e x h i b i t i n g   t h i s   t y p e   o f   f r a c t u r e   p r o d u c e d  a. d o u b l e   y i e l d i n g   c h a r a c t e r i s t i c  

on t h e   l o a d   d e f l e c t i o n   c u r v e .  

5. Meta l lographic   Examinat ion  ~~ -~ 

Meta l log raph ic   examina t ion  of t h e   t e n s i l e   s p e c i m e n s   a f t e r   e x p o s u r e  

t o  t h e   l i t h i u m  revealed no   ev idence   o f   co r ros ion .   Represen ta t ive   pho to -  

micrographs  of  each  specimen are shown i n   F i g u r e s  47 th rough  52 .  

The ASTAR 811C and  T-222  a l loy  specimens  which had not  been recrys- 

t a l l i z e d   p r i o r   t o   t e s t i n g  were found t o  b e   r e c r y s t a l l i z e d   a f t e r   t h e  5000 

h o u r   e x p o s u r e   t o   l i t h i u m  a t  2100'F.   Figures  53 and 54 show t h e  pretest  

a n d   p o s t t e s t   c o n d i t i o n s  of t h e  ASTAR 811C and  T-222 a l loy   spec imen  

r e s p e c t i v e l y .  

D u r i n g   t e n s i l e   t e s t i n g  a f e w   s p e c i m e n s   e x h i b i t e d   l o n g i t u d i n a l   c r a c k -  

i n g   e x t e n d i n g   f r o m   t h e   f r a c t u r e   s u r f a c e .  A t y p i c a l   e x a m p l e  of t h i s   t y p e  

of c r a c k i n g  i s  shown i n   t h e   p h o t o m i c r o g r a p h  of an ASTAR 811C specimen 

t e s t e d  a t  room t e m p e r a t u r e   i n   F i g u r e   5 5 .   T h e   l o n g i t u d i n a l   c r a c k i n g  

o c c u r r e d   i n   b o t h  room temperature   and 2000'F t e n s i l e   s p e c i m e n s   a l t h o u g h  

t h e   d o u b l e   y i e l d i n g   c h a r a c t e r i s t i c  was only  observed on speci l l lens   tes ted 

a t  room tempera tu re ,  as desc r ibed   above .  A few  specimens  which  had  no 

o b v i o u s   l o n g i t u d i n a l   c r a c k s  were found t o  h a v e   s i g n s   o f   i n c i p i e n t   c r a c k -  

i n g   i n   g r a i n   b o u n d a r i e s  when viewed a t  h i g h e r   m a g n i f i c a t i o n s .  To e x p l a i n  

t h e   c a u s e  and e f f e c t  of t h i s   c r a c k i n g   a d d i t i o n a l   s t u d y  would  be  required 

beyond t h e   s c o p e  of t h i s   p r o g r a m .  

Meta l log raph ic   examina t ion   r evea led   t ha t   none   o f   t he   spec imens  

e x h i b i t e d   g r a i n   g r o w t h   t o   a n y   s i g n i f i c a n t   d e g r e e .  
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I 

MB-1299J 

MB-1299M 

Figure 47. Microstructures of ASTAR 811C Alloy  Before  and  After  Exposure 
to Flowing  Lithium  for 5000 Hours at 210O0F. No Corrosion was 
Observed. The Alloy  Recrystallized  During  the  Test  Exposure. 

Etchant: 30gNH4F-20mlHN03-20mlH20 
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MB-13001 

Figure 48 .  Microstructures of ASTAR 811CN Alloy  Before  and  After  Exposure 
to Flowing  Lithium for 5000 Hours at 2100°F. No Corrosion  was 
Observed.  The  Surface  Roughening is Believed to be  a  Result 
of Acid Pickling  Prior to Loop  Assembly. 

Etchant: 30gNH4F-20mlHNO3-20m1H20 

94 



MB- 1301F 

MB-1201E 

Figure   49 .   Micros t ruc tures   o f  ASTAR 811  Alloy  Before  and  After   Exposure 
to   F lowing   Li th ium for 5000 Hours a t  210O0F. No Corrosion 
w a s  Observed. 

E t c h a n t :  30gHN4F-20mlHNO3-2h1H2O 
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MB-1302G 

F i g u r e  50. M i c r o s t r u c t u r e s   o f  T-111 Alloy  Before  and  After   Exposure t o  
F lowing   L i th ium  fo r  5000 Hours a t  2100'F. No Cor ros ion  was 
O b s e r v e d .   T h e   P r e c i p i t a t e   i n   t h e   P o s t t e s t   M i c r o s t r u c t u r e  
Resul t s   f rom  the   Thermal   Exposure .  

E t c h a n t :  30gNH4F-20mlHNO3-2Om1H2O 
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D5802 12  

?!l-J-l 303ti 

Figure 51. Microstructures o! '  T-222 ; \L loy  Eefore and After  Exposure  to 
Flowing  Lithium T1.r 50013 Iii-rurs at 31OO"T'. Xo Corrosion  was 
Observed.  The A I I c l : ~ .  ! ':IrLiall>- Recrystallized  During  Testing. 

i <  t chant : 30gNH F-20ml HXO -20nl.L H20 4 3 
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MB-1304E 

Figure 52. Microstructures of  W-Re-Mo Alloy  256  Before  and  After  Exposure 
to  Flowing  Lithium  for  5000  Hours at 2100'F. No Corrosion  was 
Observed. 

Etchant:  20%  Murakamis 
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~5802 11  KB-1303G 

Figure  53.  Comparison of T-222  Alloy  Microstructures  in  the (a) Pretest 
As-Worked  Condition  and (b) Posttest  Partially  Recrystallized 
Condition. 
Etchant: 30gNH4F-20mlHN03-20rnlH20 

D570211  kB-1299A 

Figure  54.  Comparison of  ASTAR 811C Microstructures  in  the (a) Pretest 
As-Worked  Condition  and (b) Posttest  Recrystallized  Condition. 

Etchant:  30gNH  F-20mlHN03-20mlH20 4 

MB-1299H 
. Figure  55.  Microstructure of ASTAR  81lC  Alloy  Tensile  Specimen  Exhibiting 

Longitudinal  Cracking  from  Fracture  Surface.  Specimen  Exposed 
to  Flowing  Lithium  for 5000  Hours  at 2100°F Prior to Tensile 
Testing . 
Etchant: 30gNH4F-20mlHN03-20mlH20 
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B .  Valve  and  Loop Materials 

1. Loop Materials 

a )  Visual Examination 

S e c t i o n s  were removed from t h e  Cb-1Zr p o r t i o n  of t h e   l o o p  a t  t h e  

h e a t e r   i n l e t ,   h e a t e r   o u t l e t ,  tes t  spec imen  hous ing   in le t ,   and  test s p e c i -  

men o u t l e t  f o r  meta l lographic   examinat ion   and  chemical a n a l y s i s .   V i s u a l  

examinat ion of t h e s e   s e c t i o n s   r e v e a l e d  a v e r y   t h i n   g o l d   d i s c o l o r a t i o n   o n  

t h e  ID of t h e   s e c t i o n s  a t  t h e  t es t  s p e c i m e n   o u t l e t   a n d   t h e   h e a t e r   i n l e t .  

F u r t h e r   e x a m i n a t i o n   r e v e a l e d   t h a t   t h e  gold d i s c o l o r a t i o n  w a s  p resent   on  

t h e  ID of a l l  of t h e  Cb-1Zr  be tween  these  two p o i n t s .  

b)  Chemical  Analysis 

Chemical   analyses  (C,O,H,N) were performed  on  specimens  cut from 

s e l e c t e d  c r i t i ca l  areas of the   va r ious   l oop   componen t s .  Areas s e l e c t e d  

were h e a t e r   i n l e t ,  heater e x i t ,  t e n s i l e   s e c t i o n   i n l e t   a n d   t e n s i l e   s e c t i o n  

o u t l e t   a n d   t h e   t u b i n g   c o n n e c t i n g   t h e  t w o  v a l v e s .  A l l  of these  components  

are Cb-1Zr  e x c e p t   t h e   t u b i n g   b e t w e e n   t h e   v a l v e s   w h i c h  i s  T-111.  The 

a n a l y s e s  of these  components  before and a f t e r  the  5000 h o u r   e x p o s u r e   t o  

l i t h i u m  are summarized i n   T a b l e  XIII. Large   dec reases   i n   ca rbon   con-  

c e n t r a t i o n  were noted a t  t h e   h e a t e r  e x i t  a n d   t e n s i l e   s e c t i o n   i n l e t .  The 

h e a t e r   i n l e t   a n d   t e n s i l e   s e c t i o n   o u t l e t   w h i c h   o p e r a t e d  a t  a lower t e m -  

pera ture   than   the   above   ment ioned   components  showed s i g n i f i c a n t  decreases 

i n  oxygen   concen t r a t ion   bu t  l i t t le o r  no  change i n   n i t r o g e n  or  carbon  con-  

c e n t r a t i o n s .  The  T-111 t u b i n g   b e t w e e n   t h e   v a l v e s  a lso had a s i g n i f i c a n t  

decreased o x y g e n   c o n c e n t r a t i o n   b u t ,   u n l i k e   t h e  Cb-1Zr components, a l s o  

had i n c r e a s e d   c a r b o n   a n d   n i t r o g e n   c o n c e n t r a t i o n s   e v e n   t h o u g h   t h e  tem- 

p e r a t u r e  was e s s e n t i a l l y   t h e  same as t h e  Cb-1Zr h e a t e r   i n l e t .  The i n -  

creased n i t r o g e n   c o n c e n t r a t i o n s   i n   t h e  T-111 t u b i n g  is i n  agreement   with 

t h e   o b s e r v e d   n i t r o g e n   i n c r e a s e s   i n   t h e  T-111 t e n s i l e   s p e c i m e n s   d i s c u s s e d  

p r e v i o u s l y   u n d e r   t e n s i l e  test r e s u l t s .  

I n   a d d i t i o n  t o  the  t o t a l  wall a n a l y s e s  described above ,   g rad ien t  

a n a l y s e s  were performed t o  d e t e r m i n e   t h e  C,O,  H,N c o n c e n t r a t   i o n s  across t h e  

t u b e  wall of t h e  Cb-1Zr t e n s i l e  test s e c t i o n .  The a n a l y s e s  were performed 

on t h e   t e n s i l e  tes t  s e c t i o n   t u b i n g   b e c a u s e  it was s u f f i c i e n t l y  large t o  
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TABLE XI11 

RESULTS OF CHEMICAL ANALYSES OF LOOP  COMPONENTS FROM 
HIGH TEMPERATURE ALKALI METAL VALVE LOOP 

Chemical Analysis, pp.n 
Tube Size  Temperature 

Locat ion i n  Loop Mater ia l  OD, inches O F  C N 0 H 

Heater  Inlet  , Cb-1Zr 3/8  1905 46 , 54 77,61  105,78 < 1,< 1 
to ta l   wa l l  Avg 50 69 91 < 1  

Heater Exit , Cb-1Zr 3/8 2100 26,47  2,2 10,lO 1Y1 
t o t a l   w a l l  Avg 36 2 10 1 

Tensile Section Cb-1Zr 1 2090 46,59 7,4 10,13  2,2 
In l e t ,  t o t a l   wa l l  Avg 52 5 11 2 

inner  0.040-inch of wal l  
c1 z 

Tensile Sect  ion Cb-1Zr 
Ex i t ,  t o t a l   w a l l  

inner  0.040-inch of wal l  

outer  0.040-inch of wal l  

1 

54,59 3Y3 16,7 5Y4 
Avg 56 3 11 4 

1970  75 , 60  23,21  109,77 < 1,< 1 
Avg 67  22 ' 93 < 1  

63,54  25,23  13,12 1,1 
Avg 58 24 12 1 

56 , 61  15,15 92 , 97 2Y3 
Avg 58 15 96 2 

Between Valves T-111 1 1905 81 , 71  43 , 33 12 ,8   2 ,1  
Avg 76 38 10 1 

""""""""""""""""""""""""""""""""""""""""""""""""""""" 

Before  Test Cb-1Zr 3/8 

Before  Test Cb-1Zr 1 

Before Test T-111 1 

- 60 , 70 29,65  159,110' 5Y3 

- 60,90  21 , 62 253 , 307 

- 21,23 < 1,< 1 24,28 

Avg 65  47 135 4 

2 ,1  

6Y5 

Avg 75  41 280 1 

Avg 22 < 1  26 5 



a l s o   f a c i l i t a t e   o b t a i n i n g   t e n s i l e   a n d   m e t a l l o g r a p h i c   s p e c i m e n s   f r o m   t h e  

same areas. The r e su l t s  of t h e   g r a d i e n t   a n a l y s e s  are a l so  p r e s e n t e d   i n  

T a b l e  XIII.  The c a r b o n   c o n c e n t r a t i o n s  was found t o  be e s s e n t i a l l y   c o n s t a n t  

a c r o s s   t h e   t u b e  w a l l  a n d   n o   s i g n i f i c a n t   d i f f e r e n c e  was apparent   between 

t h e   i n l e t   a n d   e x i t  end of t h e   t u b e .  The  oxygen  concentrat ion on t h e  

l i t h i u m  side ( I D )   o f   t h e   i n l e t   e n d  was  reduced  considerably as n r e s u l t  

of exposure  t o  t h e   l i t h i u m   a n d ,   i n   f a c t ,   b o t h   t h e  t o t a l  wal l   and I D  

o x y g e n   c o n c e n t r a t i o n s  are t h e  same i n d i c a t i n g  t h a t  t h e   C o n c e n t r a t i o n  is 

c o n s t a n t   a n d   t h a t   e s s e n t i a l l y   a l l   o f   t h e   o x y g e n   h a s   b e e n  removed  from 

t h e   t u b e   a t   t h i s   l o c a t i o n  by d i s s o l u t i o n   i n   t h e   l i t h i u m .  A t  t h e  exi t  

e n d   o f   t h e   t u b e ,   t h e  I D  oxygen   concen t r a t   i on  was found t o  be i d e n t i c a l  

t o   t h e  I D  oxygen   concent ra t ion  a t  t h e   i n l e t ;   h o w e v e r ,   t h e  vacuum s i d e  

(OD) and t o t a l  wall a n a l y s e s  were s i g n i f i c a n t l y   h i g h e r   i n d i c a t i n g  a 

gradient   of   12-95 ppm oxygen across t h e  wall  a t  t h e   l i t h i u m  ex i t  t e m -  

perature  of  1972OF. The r e s u l t s   o f   n i t r o g e n   g r a d i e n t   a n a l y s e s  show 

somewhat d i f f e r e n t   t r e n d s   t h a n   t h e  oxgyen   ana lyses .   Tab le  X T I I  shows 

t h a t   t h e  I D  and t o t a l  wall n i t r o g e n   c o n c e n t r a t i o n s  were similar a t   t h e  

i n l e t   e n d ,  as was t h e  case f o r   o x y g e n .  However, a t   t h e   e x i t   n o  relnovnl 

of n i t r o g e n   a p p e a r s   t o   h a v e   o c c u r r e d ,   e v e n   o n   t h e  I D  s u r f a c e   w h i c h  was 

i n  direct  c o n t a c t   w i t h   t h e   f l o w i n g   l i t h i u m .  

The s i g n i f i c a n c e  of t h e s e   g r a d i e n t s   i n   i n t e r s t i t i a l   e l e m e n t s  w i l l  

b e   d i s c u s s e d   i n   g r e a t e r  d e t a i l  i n   c o n n e c t i o n   w i t h   t h e   m e t a l l o g r a p h i c  and 

t e n s i l e   p r o p e r t i e s  l a t e r  i n   t h i s   r e p o r t .  

c )  Meta l log raph ic   and   Mic roprobe   Eva lua t ion  

I n  a d d i t i o n   t o   t h e   m e t a l l o g r a p h i c   e v a l u a t i o n  of t he   va lve   componen t s  

t o  b e   d i s c u s s e d   i n   t h e   n e x t   s e c t i o n  of t h i s   r e p o r t ,   e v a l u a t i o n  was a l s o  

performed  on  the  var ious  loop  components   such as t h e   h e a t e r   a n d   t e n s i l e  

specimen  housing.  A s  was p o i n t e d   o u t   i n   t h e   d i s c u s s i o n  on t h e   v i s u a l  

examina t ion ,  some o f . t h e  Cb-1Zr  components  showed i n d i c a t i o n s  of d i s c o l o r -  

a t i o n  or g o l d   d e p o s i t s  on t h e   l i t h i u m   e x p o s e d   s u r f a c e s .   V e r i f i c a t i o n  of 

t h i s   d e p o s i t  was ob ta ined  on t h e   m e t a l l o g r a p h i c   s e c t i o n s ,   i n   p a t - t . i c : u l n r  

on t h e  I D  s u r f a c e  of t h e   h e a t e r   i n l e t  as shown i n   F i g u r e  56. To  more 

f u l l y   e v a l u a t e   t h e   c o m p o s i t i o n  of t he  coa t ing ,   mic roprobe  and x - r a y   d i f -  

f r a c t i o n   a n a l y s e s  were p e r f o r m e d   o n   s p e c i m e n s   c u t   f r o m   t h e   h e a t e r   i n l e t  
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Figure 56. Transverse  Section of Cb-1Zr  Heater  Inlet  After  Exposure 
to Flowing  Lithium  for 5000 Hours at 1905'F. As-Polished. 
(MB-1257C) 
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area.  The  x-ray d i f f r a c t i o n   r e s u l t s  showed o n l y   t h e   p r e s e n c e  of Z r N .  

Microprobe traces across t h e   c o a t i n g   i n d i c a t e d   h i g h   z i r c o n i u m   c o n t e n t  

and dep le t ion   o f   co lumbium  in   t he   coa t ing .   These  t w o  t ec lmiques  i n  

a d d i t i o n   t o   t h e   g o l d   c o l o r  of t h e   c o a t i n g   p r o v e   c o n c l u s i v e l y   t h t .  COIII- 

p o s i t i o n   t o  be Z r N  and a l s o   s u b s t a n t i a t e   t h e  mass t r a n s f e r  of n i t r o g e n  

i n   t h e   l o o p  as d i s c u s s e d   p r e v i o u s l y   u n d e r   c h e m i c a l   a n a l y s i s .   M e t a l l o -  

g r a p h i c   e x a m i n a t i o n   o f   t h e   h e a t e r  ex i t ,  t e n s i l e   s p e c i m e n   s e c t i o n   i n l e t  

and e x i t  showed s i g n i f i c a n t  g ra in  growth a t  a l l  t h r e e   l o c a t i o n s  as shown 

i n   F i g u r e s  57  and 58. T y p i c a l   p r e t e s t   m i c r o s t r u c t u r e  of t h e   t e n s i l e  

specimen  housing material is shown i n   F i g u r e   5 9 .  The h e a t e r  e x i t ,  which 

ope ra t ed  a t  2100°F,  and t e n s i l e   s e c t i o n   i n l e t ,   w h i c h   o p e r a t e d  a t  209OoF 

showed t h e  greatest change   w i th   s ign i f i can t   g ra in   g rowth   t h roughou t   t he  

e n t i r e   s e c t i o n  of b o t h   p i e c e s .   T h e   t e n s i l e   s e c t i o n  e x i t ,  which  operated 

a t  the   l owes t   t empera tu re  of t h e   t h r e e  areas, namely  1970°F,  showed v e r y  

l a r g e   g r a i n s  on t h e   i n n e r   o n e - t h i r d   o f   t h e  wa l l ,  lesser g ra in   g rowth  on 

the   midd le - th i rd   and  l i t t l e  o r   no   g ra in   g rowth  on t h e   o u t e r  (vacuuII1) wall. 

The g r a i n  s ize  of t h e   i n l e t  area I D  was much l a r g e r   t h a n   t h e   e x i t   a r e a  

I D  as shown i n   F i g u r e  58. A t  t h e   i n l e t   t h e  maximum g r a i n   s i z e   o b s e r v e d  

was about ASTM 00 compared t o  a g r a i n  s ize  of ASTM 4 a t  t h e  e x i t .  The 

p r e t e s t   g r a i n  size (Figure   59)  is about ASTM 8. 

The r e s u l t s  o f   t h e   m e t a l l o g r a p h i c   e v a l u a t i o n  of t h e   t e n s i l e   s p e c i -  

men hous ing   co r re l a t e   ex t r eme ly  well w i t h   t h e   c h e m i c a l   g r a d i e n t   a n a l y s e s  

p r e s e n t e d   p r e v i o u s l y   i n   T a b l e  XIII. T h e s e   r e s u l t s  show t h a t   t h e   g r a i n  

growth was a f u n c t i o n  of   oxygen   deple t ion   and   opera t ing   tempera ture ;  

i .e ., t h e  maximum gra in   g rowth   occur red  a t  the   h ighes t   t empera tu re   and  

a t  the   l owes t   oxygen   concen t r a t ion   ( i n l e t ) .   A l though   t he   oxygen  on t h e  

l i t h ium  exposed   su r f ace  of t h e   i n l e t  and o u t l e t  were i d e n t i c a l ,  less 

gra in   g rowth  was observed a t  t h e   e x i t   b e c a u s e   o f  i t s  115'F  lower oper- 

a t i n g   t e m p e r a t u r e .   I n   a d d i t i o n  it appea r s   t ha t   n i t rogen   does   no t  ePft!ct 

g r a i n   g r o w t h   u n d e r   t h e s e   c o n d i t i o n s   s i n c e   t h e   n i t r o g e n   l e v e l   a t   t h e  

e x i t  was e s s e n t i a l l y  unch'anged  from i t s  p r e t e s t   v a l u e  of 24 ppm, y e t  

cons ide rab le   g ra in   g rowth  was o b s e r v e d   i n   t h i s  area ( F i g u r e   5 8 ) .  

A l t h o u g h   t h e   e v a l u a t i o n   o f   w e l d s   o r   b i m e t a l l i c   j o i n t s  was not a 

ma jo r   ob jec t ive   o f   t h i s   p rog ram,   t he re  were f o u r  Cb-1Zr t o  T-111  welds 

in   t he   l oop .   These   we lds  were loca ted   where   the  Cb-1Zr p r e s s u r e  
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Figure  57. T r a n s v e r s e   S e c t i o n  of Cb-1Zr Heater Ex i t   Af t e r   Exposure  
t o  F lowing   Li th ium  for  5000 Hours a t  210O0F. (MB-1249A) 

E t c h a n t :  60 G l y c e r i n e ,  2OHNO3, 20HF 

105 

I 



$. a) Lithium  Inlet (2090'F) 

Vacuum (OD) 
1 

ME%-1249C&D 1 
Lithium (ID) 

1 

b) Lithium  Outlet  (1970OF) MB-l248C&D 
Figure 58. Microstructure of Transverse  Section  from Cb-1Zr Tensile  Specimen  Housing 

After  Exposure to Flowing  Lithium  for 5000 Hours. 

Etchant: 60 Glycerine,  20HNO3,  20HF 
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Figure 59. Pretest  Microstructure of Cb-1Zr Tensile  Specimen Housing 
Material. (K160) 
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t r a n s d u c e r s ,  EM p,ump, and   hea te r  were connected t o  t h e  T-111 valve 

subassembly. The  weld a t  t h e   i n l e t   t o   t h e   m e t e r i n g   v a l v e  was selected 

f o r   e v a l u a t i o n  as it operated a t  the   h ighes t   t empera ture .  The t w o  tubes  

were j o i n t e d  i n  a t w o  pass  but t  type  weld  using Cb-1Zr  f i l ler  wire.  A 

composite  photomicrograph of t h e  weld af ter  t h e  5000 hours  of exposure 

t o   l i t h i u m  is shown i n   F i g u r e  60. The  darkening  of  the T-111 near  t h e  

s u r f a c e  is d iscussed  l a t e r  i n   t h i s   r e p o r t .  The composition  of t h e  base 
meta l ,   hea t   a f fec ted   zones ,   and   fus ion   zone  w a s  determined by microprobe 

a n a l y s i s  a t  t h e  p o i n t s   i n d i c a t e d  on  Figure 60 and are summarizod in 

Table xIv .  The most s i g n i f i c a n t   r e s u l t  w a s  t h a t   t h e   e n t i r e   f u s i o n   z o n e  

appeared t o  be e s s e n t i a l l y  homogeneous;  and no   g rad ien t  was observed  in  

the  weld.   Traces  from t h e  I D  s u r f a c e  t o  t h e  OD s u r f a c e   f o r  Ta, W, H f ,  

Cb, and Z r  showed no   grad ien t   o r   inhomogenei ty   be tween  the   f i r s t   and  

second  pass. Some minor f l u c t u a t i o n s  were encountered  occasional ly  

during  hafnium  traces;   however,   these were extremely small and it was 

d i f f i c u l t  t o  d i f f e r e n t i a t e  between  normal  equipment d r i f t  and  concen- 

t r a t i o n   c h a n g e .  The r e s u l t s  of t h e  OD-ID trace are no t   i nc luded   i n  

Table X I V  s i n c e   t h e y  were e s s e n t i a l l y   t h e  same as t h e   r e s u l t s  of t h e  

l o n g i t u d i n a l  traces a long   the   weld .  

d )   T e n s i l e   T e s t s  

To fur ther   explore   the   ex tens ive   g ra in   g rowth   observed   in  t h e  

tensi le   specimen  housing  tube and t h e   r e s u l t a n t   e f f e c t s  on mechanical 

p r o p e r t i e s  , t h i s   s e c t i o n  was  machined so tha t   r ep resen ta t ive   spec imens  

were obtained of b o t h   t h e  OD and I D  s u r f a c e s .   T h i s  was accomplished by 

removing e i t h e r   t h e  OD o r  I D  by t u r n i n g  on a l a t h e ,   s l i c i n g   t h e   t u b e  

l o n g i t u d i n a l l y ,  and f i n a l l y   c u t t i n g   s t a n d a r d  t e n s i l e  specimens. The 

r e s u l t s   o f  room t e m p e r a t u r e   t e n s i l e  tests on I D  and OD specimens  are  

shown i n  Table XV which  show i n c r e a s i n g   s t r e n g t h  and d u c t i l i t y   w i t h  

dec reas ing   g ra in   s i ze .   A l though   t he   s t r eng th   o f   t he   coa r se   g ra in  

m a t e r i a l  was o n l y   s l i g h t l y   l o w e r   t h a n   t h e   f i n e   g r a i n e d  material, t h e  more 

s i g n i f i c a n t   f a c t o r  is t h e   o b s e r v e d   d i f f e r e n c e   i n   d u c t i l i t y .  The d u c t i l i t y  

of t h e  coa r se   g ra in  material was about  one-half   that  of t h e   f i n e   g r a i n e d  

material. 

2. V a l v e  M a t e r i a l s  

a)   Visual   Examinat ion 

Examination  of  the  disassembled  valves showed t h a t  a l l  p a r t s  were 
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Figure 60. Composite  Photomicrograph of Cb-1Zr  to T-111 Weld After 5000 Hours  Exposure to Flowing  Lithium at 1905'F. 
(G39011) 

Etchant: 60 Glycerine,  2OHNO3,  20HF 



TABLE XIV 

RESULTS OF MICROPROBE ANALYSES OF Cb-1Zr TO 
T-111 BIMETALLIC WELD 

P o s i t i o n  
* 

H 

I 

Composi t ion,   weight   percent  

Ta Cb Hf W Z r  

89 < 1  2 9 < 1  

- - - - - 

89 < 1  2  9 < 1  

22 71 < 1  2 2 

19   72  < 1  2 2 

1 9  71 < 1  3 2 

20 71 < 1  2 2 

20 79 < 1  3 2 

22  72 < 1  2 2 

< 1  100 < 1   < 1  1 

* 
R e f e r   t o   F i g u r e  60 

NOTE: Because of t h e   l i m i t a t i o n s   o f   t h e   m i c r o p r o b e   a p p a r a t u s  
t h e   r e s u l t s  are n o t   t r u e   q u a n t i t a t i v e   v a l u e s ;   h e n c e  
they  do n o t   n e c e s s a r i l y   t o t a l   1 0 0 % .  The r e s u l t s  are 
i n t e n d e d   p r i m a r i l y   t o   i n d i c a t e  r e l a t ive  c o n c e n t r a t i o n  
i n   e a c h   l o c a t i o n .  
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" ~- - 
" ~ - - .. 

S p e c i m e n  
L o c a t i o n  

I n l e t  - I D  

E x i t  - I D  

E x i t  -OD 

FESULTS OF ROOM TEMPERATURE TENSILE  TESTS ON Cb-1Zr  
SPECIMEN HOUSING CONTAINING FLOWING LITHIUM 

C h e m i c a l  Analysis, ppm 
* 

0.2% 
E x p o s u r e  U .T .S .  Y i e l d   E l o n g  . Posttest G r a i n  S i z e  
Temp.  O F  ( k s i )  ( k s i )  % C 0 N - H (ASTM N o . )  - - - 
2 090  35.6  23.7  22.5  57 12 3 4 00 

37.6  25.6 15.0 

1970  39.8  26.1  27.0  59 12 24 1 4 
40 .O 24.2  28.0 

1970  42 .O 27.9  34.0  59  95  15 3 8 
4 3 . 3  25.8  32.5 

Pretest 

75  280  41 2 8 

* 
A v e r a g e  of d u p l i c a t e  analyses 
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i n   e x c e l l e n t   c o n d i t i o n .  N o  ev idence  of c o r r o s i o n ,  wear or abras ion   was  

obse rved .  The plugs  and seats were i n   p a r t i c u l a r l y  good c o n d i t i o n ,  ;is. 

s e e n  i n   t h e   p h o t o g r a p h  of t h e   m e t e r i n g   v a l v e   p l u g   i n   F i g u r e  61. A g o l d  

d e p o s i t  was observed a s  i n d i c a t e d   i n   F i g u r e   6 2 .  N o  i d e n t i f i c a t . i o n  of 

t h e   d e p o s i t  was p o s s i b l e   b e c a u s e  i t  was t o 0   t h i n   b u t  it was t h o u g h t   t o  

be Z r N .  

b)  Weight  Measurements 

Weights were ob ta ined   on   t he  W-25Re p l u g s   b e f o r e   a n d   a f t e r   t h e  tes t  

e x p o s u r e   a n d   t h e   r e s u l t s  are g i v e n   i n   T a b l e  XVI. P o s t t e s t   w e i g h t s  of 

t he   una l loyed   rhen ium  va lve  seats cou ld   no t   be   ob ta ined   because   t he   T -111  

a l l o y  seat r e t a i n e r  w a s  secure ly   bonded  t o   t h e  seat .  

c )   Chemica l   Ana lys i s  

C h e m i c a l   a n a l y s e s   f o r  C , O , H , N  were performed  on  the  plug,  s ea t ,  and 

t h e   b e l l o w s   f r o m   b o t h   t h e   m e t e r i n g   a n d   i s o l a t i o n   v a l v e s .   A n a l y s i s  w a s  

a l so   per formed  on  t h e  T-111   t ub ing   connec t ing   t he   two   va lves .  The r e s u l t s ,  

shown i n   T a b l e  XVII show t h a t   i n  most cases t h e   c o n c e n t r a t i o n  of i n t e r s t i -  

t i a l  e l e m e n t s   i n c r e a s e d .   T h i s  i s  n o t   u n e x p e c t e d   s i n c e   t h e   v a l v e s  were 

o p e r a t i n g  a t  t h e   l o w e s t   t e m p e r a t u r e s   i n   t h e   l o o p ;   h e n c e ,  a n a t u r a l   l o c a t i o n  

for t r a n s f e r  of i n t e r s t i t i a l s   f r o m   t h e   l i t h i u m   t o   t h e   o t h e r  materials.  

d)   Meta l lographic   and   Microprobe   Evalua t ion  

No ev idence   o f   any   co r ros ion  was observed i n  t h e   p l u g   o r  seat  from 

e i t h e r   v a l v e .   T y p i c a l   p h o t o m i c r o g r a p h s  are shown i n   F i g u r e s   6 3   a n d  6 4 .  

The o n l y   n o t a b l e   c h a n g e   o f   a n y   k i n d   i n   t h e   p l u g  or seats was t h e   p r e s e n c e  

of s e c o n d   p h a s e   p a r t i c l e s   i n   t h e   r h e n i u m  seats of  b o t h   v a l v e s ;   t h e s e  are 

p r e s u m a b l y   o x i d e   p a r t i c l e s   r e s u l t i n g   f r o m   t h e   i n c r e a s e d   o x y g e n   c o n c e n t r a -  

t i o n  as shown i n   T a b l e  X V I I .  

The be l lows  of b o t h   v a l v e s  showed n o   s i g n s  of d e t e r i o r a t i o n  or 

c o r r o s i o n   f r o m   t h e  5000 h o u r   l i t h i u m   e x p o s u r e  as shown i n   P i g u r c   6 5 .  

C o m p a r i s o n   o f   t h e   p r e t e s t   m i c r o s t r u c t u r e   a n d   f a b r i c a t i o n   h i s t o r y  of 

t h e   b e l l o w s   d i s c u s s e d  ea r l i e r  i n   t h i s   r e p o r t   i n d i c a t e s   t h a t   t h e   s u r f a c e  

l a y e r   s e e n  on the   h igh   magn i f i ca t ion   pho tomic rographs  of F igure   65  are  

t h i n   r e c r y s t a l l i z e d   l a y e r s   r e s u l t i n g   f r o m   c o l d   w o r k   i n t r o d u c e d   d u r i n g  
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Figure  61. W-2SRe Metering  Valve P l u g  After 5000 Hours  Exposure 
to Flowing  Lithium at 1905'F. (P69-8-22D) 
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Figure  62. T-111  Bellows, Back-up Ring and Stem  Base  After 5000 Hours 
Exposure t o  Lithium a t  1905'F. (P69-8-22B) 
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TABLE XVI 

WEIGHT  MEASUREMENTS ON W-25Re VALVE PLUGS 
BEFORE AND AFTER 5000 HOURS OF EXPOSURE TO LITHIUM 

Metering  Valve  Plug  111.8488  111.8494 +O .0006 

Isolat ion  Valve  Plug  108.5907  108.5960 +O .0053 
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TABLE XVII 

RESULTS  OF  CHEMICAL  ANALYSES OF VALVE COMPONENTS 
FROM HIGH TEMPERATURE ALKALI METAL VALVE LOOP 

Component Material  

I so l a t ion  Re 
Valve  Seat 

I so l a t ion  W-25Re 
Valve  Plug 

I so l a t ion  T-111 
Valve  Bellows 

Metering Re 
Valve  Seat 

Metering W-25Re 
Valve  Plug 

Metering T-111 
Valve  Bellows 

Tubing T-111 
Between 
Valves 

Pretest   Analyses,  ppm 
Temp.'F C N 0 H 

1905 13,18 8 , l l  1 9 1  1 9 1  

Avg 15 9 1 1 

1905 8 ,5  < 1,< 1 7 ,7  < 1,< 1 

Avg 6 < 1  7 < 1  

1700 42,43  17,7  109,79  12,9 

Avg 42 12 94 10  

1905 13,18 8 , l l  191 1 9 1  

Avg 15  9 1 1 

1905 8 ,5  < 1,< 1 797 < 1,c 1 

Avg 6 < 1  7 < 1  

1700 42,43  17,7  109,79  12,9 

Avg 42 12 94 10 

1905  21,23 < 1,< 1 24,28  6,5 

Avg 22 < 1  26 5 

Posttest  Analyses , ppm 
C N 0 H 

62,52 2 ,<  1 24,25 < 1,< 1 

57 1 24 < 1  

41,34 < 1,< 1 14,12 < 1 , <  1 

37 c 1  13 < 1  

15,18 27,14 87,100 1 9 1  

16 20 93 1 

39,26 1,< 1 10,13 < 1,< 1 

32 ' < 1  11 < 1  

86,118 < 1,< 1 12,9 < I , <  1 

102 < 1  10 < 1  

83,85 39,64 106,80 3,4 
84 51 93 3 

81,71 43,33 12 ,8  2 ,1  
76 38 10 1 



Figure 63. Microstructure of  W-25Re  Metering  Valve  Plug  After  Exposure 
to Flowing  Lithium  for  5000  Hours at 1905OF. (MB-1251A) 

Etchant:  20%  Murakamis 

Figure 6 4 .  Microstructure of Rhenium  Isolation Valve Seat  After  Exposure 
to Flowing  Lithium for 5000 Hours at 1905'F. (MB-1246A) 

Une t ched 
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MB-1259A 

MD-1259B 

Figure 65. T-111 Metering Valve Bellows Aftsr Exposure to Lithium at 
1700°F for 5000 Hours. 
Etchant: NH4F-20HN03-20H20 
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t h e   p o l i s h i n g   o p e r a t i o n   p r i o r  t o  forming   the .  bellows, and   t he   subsequen t  

t h e r m a l   t r e a t m e n t s .  I t  s h o u l d  be p o i n t e d   o u t   t h a t   t h e  bellows were ex- 

posed t o  r e l a t i v e l y  s t a t i c  l i t h ium;   hence ,   any  effects compared t o  

e x p o s u r e   i n   f l o w i n g   l i t h i u m   s h o u l d  be less. 

As was p o i n t e d   o u t  ea r l ie r ;  t h e  major o b s e r v a b l e   c h a n g e s   i n  micro- 

s t r u c t u r e  were i n   t h e  T-111 tub ing   exposed  t o  Plowing  lil .hiun1 i n  the 

r e g i o n  of t h e   v a l v e .  Two t y p e s   o f   n o t i c e a b l e   c h a n g e s   i n   t h e  T-111 Inicro- 

s t r u c t u r e  were observed  as shown i n   F i g u r e s  66 and 67. 

A "spongy" area w a s  o b s e r v e d   o n   t h e  surface, as  shown i n   F i g u r e  66, 

and w a s  g e n e r a l l y   a s s o c i a t e d   w i t h  what appeared  t o  be a l a p   o n   t h e  sur- 

face i n d i c a t i n g   t h a t   t h e   c h a n g e   c o u l d  a l s o  be a s s o c i a t e d   w i t h   c o n t a m i n a -  

t i o n  from en t r apped  a i r .  M i c r o p r o b e   a n a l y s i s  of t h e s e   t y p e s  of areas 

showed  them t o  be e n r i c h e d   i n   t u n g s t e n   ( a p p r o x i m a t e l y  twice t h a t   o f   t h e  

no rma l   con ten t )   and   dep le t ed   i n   t an t a lum  and   ha fn ium.  

The t y p e  of m i c r o s t r u c t u r a l   c h a n g e   i l l u s t r a t e d   i n   F i g u r e  67 is  

more d i f f i c u l t  t o  e x p l a i n .   M i c r o p r o b e   a n a l y s i s  of t h e   l i g h t   a n d   d a r k  

areas f a i l e d  t o  p r o d u c e   a n y   s i g n i f i c a n t   d i f f e r e n c e s   i n  metal l ic  c o n s i i -  

t u e n t s .  I t  is p o s s i b l e   t h a t   t h e   o b s e r v e d   m i c r o s t r u c t u r a l   c h a n g e s  are 

t h e   r e s u l t  of g r a d i e n t s   i n   i n t e r s t i t i a l   c o n c e n t r a t i o n s  below t h e   s e n s i -  

t i v i t y  of t h e   a n a l y s i s   t e c h n i q u e  (1000 pprn). E l e c t r o n  beam microprobe 

a n a l y s i s   o f   t h e   w h i t e   g r a i n   b o u n d a r y   a n d   s u r f a c e   p h a s e  shown i n   F i g u r e  

67 a l so  f a i l e d   t o   p r o d u c e   a n y   c o n c l u s i v e   r e s u l t s   s i n c e   t h e   s i z e   o f   t h e  

second  phase was less t h a n   t h e   e l e c t r o n  beam d i a m e t e r   a n d   t h e r e f o r e   t h e  

n e c e s s a r y   r e s o l u t i o n   n e e d e d  t o  i d e n t i f y   t h e   p h a s e   c o u l d   n o t  be a c h i e v e d .  
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As -Po l i shed  MB1256E 

Nicke l  
P l a t e  

E t c h a n t :  30gNH4F-20HNO3-2OH20 Ml31256F 

F igure   66 .   Mi , c ros t ruc tu res   o f  T-111 Tubing a t  t h e  Exi t  o f   I s o l a t i o n  Valve 
A f t e r   E x p o s u r e   t o   F l o w i n g   L i t h i u m   f o r  5000 Hours a t  1905'F. 
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Lithium S i d e l  Nickel Plate  

Figure 67. Microstructure of T-111 Tubing  Between thg Valve After Exposure 
to  Flowing  Lithium f o r  5000 Hours at 1905-F. (MB-1250BSD) 
Etchant: 30gNH4F-50mlHN03-50mlH20 
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VIII. SUMMARY AND CONCLUSIONS 

Two r e f r a c t o r y  metal a l l o y   v a l v e s  were s u c c e s s f u l l y  des igned ,  

f a b r i c a t e d ,   a n d   o p e r a t e d   i n   f l o w i n g   l i t h i u m  a t  t e m p e r a t u r e s   u p  t o  

1 9 0 0 ° F   f o r  5000 h o u r s .   T h e   i s o l a t i o n   v a l v e  waa c y c l e d   f o r   9 5  cycles 

b e t w e e n   t h e   f u l l   o p e n   a n d   f u l l   c l o s e d   p o s i t i o n   a n d   t h e   t o r q u e  t o  open 

and close the   va lve   on   each   cyc le   measu red .  The me te r ing   va lve  was 

cycled  between  1/4  and 3/4 t r a v e l   d u r i n g   t h i s  same p e r i o d .  

The W-25Re plugs  and  rhenium seats i n   e a c h   v a l v e   e x h i b i t e d   e x c e l -  

l e n t   p e r f o r m a n c e   w i t h   n o   s i g n  of wear, a b r a s i o n ,   b o n d i n g   o r   l i t h i u m  

a t t a c k   o b s e r v e d  i n  e i t h e r   v a l v e .  The  T-111 b e l l o w s   a n d   o t h e r   r e f r a c t o r y  

and   non-ref rac tory  metal components a l l  pe r fo rmed   w i thou t   s e r ious  d e -  

g r a d a t i o n .  The only  problem was g a l l i n g  of Mo-TZM gears; t h e s e  were 

r e p l a c e d  a t  t h e   p l a n n e d  2500 hour   shutdown  wi th  VASCO Hypercu t   gea r s  

wh ich   pe r fo rmed   w i thou t   p rob lems   du r ing   t he   s econd  2500 hours   of  

o p e r a t   i o n .  
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APPENDIX A 

LITHIUM  COMPATIBILITY  TESTS OF VALVE  SEAT  MATERIALS 

1. Tic-1OCb 

An i so thermal   capsule  test w a s  conducted t o  determine  the  compat i -  

b i l i t y  of t h e   v a l v e  seat  material, Tic-lOCb, w i t h   l i t h i u m .  The test 

was conducted a t  2100'F f o r  60 hours   us ing  a Cb-1Zr  c o n t a i n e r .  Metallo- 

graphic   examinat ion  of the   spec inen   fo l lowing   exposure  t o  l i thiull l  re- 

vea led   a t t ack   wh ich   va r i ed   i n   dep th  f ron  a minimum of 20 ,tlils t o  a 

maximum of 70 mils i n   t h e  form of subsu r face   vo ids .  The appcarance of 

t h e   v a l v e  seat  and c ross - sec t ions  of t h e  seat be fo re   and   a f t e r   exposure  

t o   l i t h i u m  is i l l u s t r a t e d   i n   F i g u r e  68. The e x t e n t  of l i t h ium  pene t r a -  

t i o n  is c l e a r l y   d e l i n e a t e d   i n   t h e   c r o s s - s e c t i o n  of t h e   t e s t e d  s e a t .  

Microhardness tests us ing  a 500 g load   i nd ica t ed   an   ave rage   ha rdness  of 

1360 DPH i n   t h e   u n a t t a c k e d   r e g i o n s   a n d  850 DPH i n   t h e   a t t a c k e d  areas.  

The appearance  of   as-pol ished  cross-sect ions of t h e  Tic-1OCb specimens 

before and a f te r  exposure i s  i l l u s t r a t e d   i n   F i g u r e  69. The  corroded 

area i l l u s t r a t e d  is r e p r e s e n t a t i v e  of t h e   r e g i o n s   w h i c h  showed t h e  

most e x t e n s i v e   l i t h i u m   p e n e t r a t i o n .  

Al though  the  exact mechanism of t h e   l i t h i u m   a t t a c k  of t h e  Tic-1OCb 

has  not   been  def ined,  i t  is very   p robable   tha t   the   p rescnce  of oxygen 

i n  t h e   m a t e r i a l  i s  r e s p o n s i b l e   f o r   t h e   p o o r   c o r r o s i o n   r e s i s t a n c e .  The 

e f f e c t  of the   oxygen   concent ra t ion  of r e f r a c t o r y  netals,  s u c h  as  columbiun~ 

and  tantalum, or  t h e i r   c o r r o s i o n   r e s i s t a n c e  t o  l i t h i u m ,  has been detnon- 

s t r a t e d  by numerous s t u d i e s .  (9y10)  The  oxygen c o n c e n t r a t i o n  of s e v e r a l  

of t he   t en   pu rchased  Tic-1OCb va lve  seats before   and a f t e r  exposure t o  

l i thium  and  potassium are l i s t e d   i n   T a b l e  X V I I I .  I t  may be n o t e d   t h a t  

d e s p i t e   t h e   c o n s i d e r a b l e  scatter i n  oxygen c o n c e n t r a t i o n s  of t h e   v a r i o u s  

va lve  seats,  a l l  t h e   a n a l y s e s   i n d i c a t e d   q u i t e   h i g h  oxygen l e v e l s .  

(9)DiStefano, J .  R .  and  Hoffman, E .  E.,  "Corrosion  Mechanisms i n  Metal- 
A l k a l i  Metal Systems,' ' The Science  and  Technology of Tungsten,  Tanta- 
lum, ~~ M~lybdenum,  Niobium and Their Al loys ,   ed .  by N. E .  Promisel 
(Pergamon Pres s ,  London,  1964) , pp - 257-288. 

(lO)DiStefano, J .  R.,"Corrosion of Refrac tory  Metals by Lithium." O W L -  
3551, March  1964. 
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a )  Before   Exposure   to   L i th ium 

13) A f c c r  Exposure t o  Li thium 

F i g u r e  68.  TiC+lO%Cb Valve Sea ts   Before   and   Fol lowing   Exposure   to   L i th ium 
f o r  60 Hours a t  2100'F. The  Depth of L i t h i u m   P e n e t r a t i o n  i s  
Apparent i n  the   As -Po l i shed   T ransve r se   Sec t ion  of t h e   T e s t e d  
Valve S e a t .  (C67081422) 

(C67080434) 
(C67080435) 
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a)  Before  Exposure  to  Lithium 

b) After Exposure t o  Lithium 

Figure 69.  TiC+lO%Cb Valve  Seat  Specimens  gefore and Following  Exposure 
to  Lithium  for 60 Hours a t  2100 F .  

As-Polished, SOX a) (E390124) 
b)  (E270111) 
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TABLE XKIII 

CHEMICAL ANALYSES OF Tic-1OCb VALVE SEATS 

Concent rat i on,  ppu1 
Sample  Designat  ion 0 N Ir 

Valve  Seat No. 3 
( a s - r e c e i v e d )  

97 Oa 68 32 

1200a 

1400a 

1330 68 32 

Valve  Seat No. 2 8330 6 97 164 
( a s - r e c e i v e d )  4337 352 35 

Valve  Seat No. 1 7823 512 47 
(exposed t o  L i  a t  
2100'F f o r  60 hours )  622 9 450 94 

Valve  Seat N o .  2 3705 115 2 1  
(exposed t o  K a t  
2100°F   fo r  60 hours )  

a Analyses  performed by Na t iona l   Spec t rog raph ic   Lab ;  a l l  
o the r   ana lyses   pe r fo rmed  by  GE-NSP. 
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As i n d i c a t e d   i n   T a b l e  XVIII, a n   i s o t h e r m a l   c a p s u l e  tes t  was ~ l l s o  

conducted  on  one of t h e   v a l v e  scats i n   p o t a s s i u m .   T h i s  tes t  w a s  pcrCorlncd 

i n   o r d e r  t o  o b t a i n  a comparison of t h e   c o r r o s i o n   r e s i s t a n c c  oP t.llis l o t  

of Tic-1OCb w i t h   a n  ea r l i e r  test  of a d i f f e r e n t   l o t  of t h i s  material. 

B o t h   t h e  ea r l i e r  experiment ,   which was conducted a t  1600°F for 1000 hours ,  

and   t he   cu r ren t   expe r imen t ,   wh ich  w a s  conducted a t  2100'F for 60 h o u r s ,  

showed t h a t   t h i s  material is unat tacked  by  potassium. 

(11) 

P o t e n t i a l  sources for Tic-1OCb were c o n t a c t e d  t o  e x a m i n e   t h e   p o s s i -  

b i l i t y  of o b t a i n i n g  material w i t h  a v e r y  l o w  oxygen   con ten t   t ha t   migh t   be  

r e s i s t an t  t o  l i t h i u m   a t t a c k .  I t  a p p e a r e d ,   h o w e v e r ,   t h a t   t h i s   a p p r o a c h  

w o u l d   n o t   a s s u r e   s u c c e s s   b e c a u s e  of t h e   t e c h n i c a l   d i f f i c u l t y  of p r e p a r i n g  

m a t e r i a l   w i t h   a n   o x y g e n   c o n t e n t  below approximate ly  200 ppn and because 

l i t h i u m  tests of T i c  a t  JPL r e v e a l e d   s u b s t a n t i a l  a t tack (12) d c s p i t . e  t tit. 

f a c t   t h a t   t h e  oxygen  content  of t h e  material w a s  o n l y  350 ppm. I n  

o t h e r   w o r d s ,   t h e   v a l u e  of t h e   p e r m i s s i b l e   o x y g e n   c o n c e n t r a t i o n  t o  a v o i d  

l i t h ium  a t t ack   has   no t   been   de t e rmined   and  it  may be lower t h a n   t h e   v a l u e  

t h a t   c a n  be a s s u r e d  by c u r r e n t   p r o c e s s i n g   t e c h n i q u e s .  

* 

A s  a r e s u l t ,   r h e n i u m  w a s  s e l e c t e d  as a n   a l t e r n a t e   v a l v e  seat material 

for t h e  High   Tempera ture   Alka l i  Metal Valve  Test   Program. 

2 .  Rhenium 

Thre.: f in i shed   machined   va lve  seats and a $ x 1$ x $ i n c h   t h i c k  

specimen from t h e  same powder m e t a l l u r g y   p l a t e   t h a t  w a s  used t o  make 

t h e   v a l v e  seats was o b t a i n e d  from t h e   C l e v e l a n d  Refractory D i v i s i o n  of 

t he   Chase  Br'lss and Copper Company f o r  p r e t e s t   c h e m i s t r y ,   h a r d n e s s  

( l l ) M a t c r L a l s  _-._ I_"-;__ f o r  Potassium L u b r i c a t e d   J o u r n a l   B e a r i n g s ,   Q u a r t e r l y  
Progrcss IieJmrt N o .  9 ,  Quar te r   Ending   Ju ly  22, 1965, NASA C o n t r a c t  
KAS :?-25:14, NASA-CR-54892, pp. 15. 

(12 ) , ,  Space Programs Summary 37-41, Volume IVY Suppor t ing   Research   and  
Ad\,clnoed Development" for t he   Pe r iod   Augus t  1 t o  September  30,   1966, 
Jet  Propulsion Labora to ry ,   Oc tobe r  31, 1966, p .   127 .  

A sn~nI)le of t h e   T i c  material was ob ta ined   f rom  JPL ,   and   ana lyses  
p ~ r f ~ ) ~ - : u e c i  b:~. GE-NSP i n d i c a t e d   t h a t   t h e  material c o n t a i n e d   a p p r o x i -  
rnatcl), 350  !)pm oxygen. 

* 
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measurements ,   and   compat ib i l i ty  tests. A c h e m i c a l   a n a l y s i s  of the a s  

rr:r:c:ivr:rl matorial i s  g i v c n   i n   T a b l e  X I X .  

An i s o t h e r m a l   c a p s u l e  test  w a s  conducted  t o  de teraI inc   the   compat i -  

b i l i t y  o f   una l loyed   rhen ium  wi th   l i t h ium.  A 4 x x 4 - i n c h   t h i c k   s p e c i -  

men was r u n  a t  2100'F f o r  100 h o u r s   i n  a 1 .00- inch  OD x 0.100-inch wal l  

x 6- inch   long  Cb-1Zr c a p s u l e   w i t h   a p p r o x i m a t e l y  15 cc of l i t h i u m   i n  a 

h i g h   t e m p e r a t u r e   f u r n a c e  a t  a vacuum  of 6 x 10 t o r r .   A f t e r  t e s t ,  t h e  

c a p s u l e  was opened i n   a n   a r g o n   a t m o s p h e r e   a n d   t h e  excess l i t h i u m  was 

d r a i n e d   f r o m   t h e   c a p s u l e   a n d  test s p e c i m e n .   T h e   r e s i d u a l   l i t h i u m  was 

removed  from the   spec imen  and  t es t  c a p s u l e   w i t h   l i q u i d  ammonia. Meta l lo -  

g raph ic   examina t ion   o f   t he   spec imen   fo l lowing  i ts  e x p o s u r e   t o   l i t h i u m  

showed  no s i g n i f i c a n t   c h a n g e   f r o m   t h e   p r e t e s t   c o n d i t i o n  as shown i n  

F igu re  70. Some p o r o s i t y  i s  e v i d e n t   i n   t h i s  powier  ii1et.n1lurgy  product 

which  has  a t h e o r e t i c a l   d e n s i t y   o f  98+ pe rcen t .   Mic roha rdness  measure- 

ments   u s ing  a 500 g load   showed   no   s ign i f i can t   changes  aEter exposure  

t o  l i t h i u m  as shown i n   T a b l e  XX. The v a r i a t i o n s   i n   h a r d n e s s  of t h e  

v a r i o u s   r e g i o n s  are n o t   c o n s i d e r e d   t o   b e   s i g n i f i c a n t   a n d  a l l  v a l u e s  

obta ined   (approximate ly  DPH 240) are s l i g h t l y   l o w e r   t h a n   t h e   v a l u e  of 

approximate ly  300 r e p o r t e d  by Sims (13 )  f o r   r e c r y s t a l l i z e d   r h e n i u m .  The 

resu l t s  of t h e   c h e m i c a l   a n a l y s i s   b e f o r e   a n d   f o l l o w i n g   e x p o s u r e   t o   l i t h i u m  

a r e   g i v e n   i n   T a b l e  XXI. A s l i g h t   a p p a r e n t   i n c r e a s e   i n   t h e   c a r b o n   c o n -  

c e n t r a t i o n  of the   rhenium  spec imen was n o t e d .   A l t h o u g h   t h e r e  was a 

s m a l l   r e s i d u a l   c o n c e n t r a t i o n  of ca rbon   p re sen t   ( approx ima te ly   45  ppm) 

i n   t h e   l i t h i u m ,  i t  i s  d i f f i c u l t   t o   u n d e r s t a n d  how rhenium,  which  does 

not   form a s t a b l e   c a r b i d e   p h a s e ,  'I4) c o u l d   p i c k   u p   c a r b o n   i n   t h e   p r e s e n c e  

of t h e  Cb-1Zr c o n t a i n e r ,   s i n c e   b o t h  columbium  and  zirconiuln for111 s t a b l e  

c a r b i d e s .  

-6 

(13)Sims, C .  T . ,   "P rope r t i e s   o f  Rhenium,  Rhenium, E d i t e d  by B. W. Ganser, 
E l s e r v i e r   P u b l i s h i n g  Company, 1962,   p .33.  

( 1 4 ) I b i d ,   p .   2 7 .  
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CHEMICAL ANALYSIS'~) OF AS ~ C E I V E D  RHENIUM  PLATE'^) FROM WHICH THE 
VALVE SEATS FOR THE HIGH TEMPERATUm  ALKALI  METAL  VALVE WEm MACHINED 

H 1, 1 

C 13,18 

Fe 180 

Cr 10 

cu  9 

B,Mo,Na,K < 20 

Si,Al,Ca,Mg,Mn,Ni.Sn,Ti,Zr,Co < 10 

( a )  A l l  ana lyses   pe r fo rmed   by   Na t iona l   Spec t rog raph ic   Labora to ry ,  
C leve land ,   Oh io   excep t  0, N ,  H, and C ana lyses   wh ich  were 
perf  ormed by GE-NSP. 

Analy t ica l   methods  : 0, N ,  and H; Vacuum Fus ion  
C; Combustion Conductometr ic  

(b)   Vendor"Cleve1and  Refractory Metals Divis ion ,   Chase   Brass   and  
Copper  Company. 
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F i g u r e   7 0 .   M i c r o s t r u c t u r e  of  Rhenium Specimens  Before  and  Following 
Exposure   t o   L i th ium  fo r  100 Hours a t  2100OF. 

As-Polished a )  l O O O X  (F170111) 
b) 1OOOX (F170121) 

13 0 



TABLE XX 

MICROHARDNESS OF RHENIUM  SPECIMEN BEFORE AND 
FOLLOWING EXPOSURE TO LITHIUM FOR 100 HOURS  AT 2100°F(a) 

Distance From  Diamond Pyramid  Hardness (500 g Load) 
S u r f a c e  of Specimen As Received  After   Li thium  Exposure 

0,005-inch  235  266 

0.010-inch  245  245 

0.015-inch  240  235 

0.020-inch  225  242 

0 .125- inch   (center )   250   213  

( a )   I s o t h e r m a l  test of t h e  Cb-1Zr f o i l  wrapped  Cb-1Zr  capsule 
conducted i n  t h e  R . D .  B r e w  Co.  Model  424B Vacuum Furnace a t  
a p r e s s u r e  of 6 x t o r r .  

13 1 



TABLE 

RESULTS OF CHEMICAL  ANALYSIS OF RHENIUM  SPECIMEN 
BEFORF: AND FOLLOWING EXPOSURE TO LITHIUM FOR  100 HOURS AT 2100'F 

Before  Exposure 

Following  Exposure 

Chemical  Analysis, ppm (a) 

0 N H C 

8 1 1 13 

11 1 1 18 

- - - - 

12 1 1 33 

13 1 2 58 

(a) Analytical  Methods: 0, N, and H; Vacuum  Fusion 
C;  Combustion  Conductometric 
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APPENDIX B 

DRA_WING AND PARTS LIST FOR HIGH TENFEELATIIRE ALXALI METAL VALVE 
* 

Hoke 
Item P a r t  No. - 
1. 
2 .  
3.  
4 .  
5 .  
6 .  
7 .  

8. 
9.  

1 0 .  
11. 
1 2 .  
13. 
1 4 .  
1 5 .  
1 6 .  
1 7 .  
18. 
1 9 .  
20.  
21 .  
22 .  
23.  
24 .  
24.  
25.  
26 .  
27 .  
28 .  
29 .  
30 .  
31. 
32 .  
33 .  

34.  
35 .  
36. 
37. 
38. 

39.  
40 .  
4 1 .  
42.  
43 .  

44.  
45.  
46 .  
47 .  

48. 

f u r n  by NSP 
80429-1 
92241  -030 
92240-030 
5130 
474-149 
53-323 

474-150 
474-132 
474-133 
474-148 
474-122 
474-124 
474-125 
474-126 
474-127 
474-128 
58-144 
474-135 
474-131 
474-121 
474-137 
474-138 
474-139 
474-140 
474-141 
474-142 
474-143 
474-144 
474-134 
474-145 
474-136 
92239-030 
53-379 

92232-030 
92237-030 
5130 
92236-030 
53-378 

5378 
92235-030 
92234-030 
92238-030 
474-152 

92231-030 
f u r n  by NSP 
92233-030 
53-322 

f u r n  by  NSP 

T i t  l e  

Gear , p i n i o n  
B a l l   B e a r i n g  
Ring, Inne r  Brg 
Ring,  Outer  Brg 
B a l l  - 1/8 d i a .  
Mount, Gear 
SCR, S e t  (Hex SOC  Cup f t  
6-32 x 3/16 l g  
C o l l a r  
SCR,CAP,HEX HD 5/16-18 X 2 
P l a t e ,  Clamp 
Ring,  Back-seat 
Assembly  Ekllows 
Ring,  Bellows 
Ring,  Back-up 
Bel lows 
Base, stem 
Ring,  Back-up 
Caplug  (No. 13-X) 
Nipple  - 1" OD x 100 W.T. 
Body, Out l e t  
Body, I n l e t ,   G l o b e  
R e t a i n e r ,  seat 
Sea t  - i n l e t  
Plug,  by-pass 

Pin,   Plug 
Stem,  Bellows 
Nut,  hex  5/16-18 
Washer 
P1 a t  e ,  body 
Ring, s p l i t  
Bonnet,  lower 
Valve stem e x t e n s i o n  
SCR  SET (Hex s o c   f l a t   p t )  

Pin 
Bushing ,   b rg   suppor t  
B a l l  - 1/8 d i a .  
Bear ing  race, lower 
SCR S e t   ( h e x   s o c   f l a t   p t )  
No. 8-32 X 7/16 lg  
Nut,  hex  8-32 
Bearing  Housing 
Bear ing  race, upper  
Pin 
SCR, Se t   (hex   soc   conep t )  
3/8-16  x  7/16 l g  
Bonnet,  upper 
Assembly-ball   nut 
Bal l  Screw 
SCR, Se t   (hex   soc   cup   p t )  

S p u r   g e a r  

Plug 

N o .  4-40 X 1/8 l g  

1/4-20 X 5/8 l g  

Material NSP Drawing No. 

VASCO Hypercut 119C2625Pl 
47B116049G2 

VASCO Hypercut  47B116044P2 
VASCO Hypercut  47C144012P2 
WC-6Co 47B116049P7 
VASCO Hypercut  47C144032 
SST303 

VASCO FIy p e r c u t  
Cb-1Zr 
Cb-1Zr 
Cb-1Zr 

T-111 
T-111 
T-111 
T-111 
T-111 
P o l y e t h y l e n e  
T-111 
T-111 
T-111 
T-111 
R e  
W-25Re 
W-25Re 
W-25Re 
T-111 
T-111 
Cb-1Zr 
Cb-1Zr 
Cb-1Zr 
Cb-1Zr 
T-111 
SST303 

VASCO Hypercut 
VASCO Hypercut 

VASCO Hypercut 
SST303 

WC-GCO 

SST18-8 
VASCO Hypercut 
VASCO Hypcrcut 
VASCO Hypercut 
SST303 

VASCO Hypercut 

VASCO Hypercut 
SST303 

VASCO Hypercut 

SST 17-4PH 

47C144033 
47B116066 
AN565AC4H2 

47B116055P2 
47B116054 
47D174816P2 
47B116053P2 
AN565AC8H7 

MS35649-84 
47C144035 
.17BL16052 
47B116055P3 

47D174818 
119C2893P2 
47C144024P2 

119C2624Pl 

*Hoke, I n c . ;   C r e s s k i l l ,  N . J .  
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Figure  71.  High  Temperature  Alkali  Metal  Valve  Drawing. 
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APPENDIX C 

QUALITY  ASSURANCE TESTS OF REFRACTORY  METAL 
MILL PRODUCTS AND CERMETS 

The r e s u l t s  of t h e   q u a l i t y   a s s u r a n c e  tests a r e   p r e s e n t e d   i n   T a b l e s  

XXII th rough  XXV. A summary  of t h e   q u a l i t y   a s s u r a n c e  tes t  r e s u l t s  w i t h  

r e s p e c t   t o   m e e t i n g   t h e   r e q u i r e m e n t s  of t h e   s p e c i f i c a t i o n  is shown i n  

Table  XXVI. 

The f a i l u r e  of t h e   0 . 0 4 0 - i n c h   t h i c k  Cb-1Zr a l l o y   s h e e t  (MCN 07A- 

007-01) t o  meet t h e  minimum g r a i n  s i ze  requi rements  w a s  no t   cons ide red  

s e r i o u s   s i n c e   t h e   d e v i a t i o n   f r o m   t h e   s p e c i f i c a t i o n  w a s  small a n d   t h e  

m a t e r i a l  i s  not  a p a r t  of t h e   l o o p   a s s e m b l y .  The 0 .040- inch   t h i ck  

Cb-1Zr s h e e t  w a s  u t i l i z e d   f o r   w e l d i n g   q u a l i t y   c o n t r o l  tes t  coupons.  

A l though   t he   oxygen   con ten t   r epor t ed   fo r   t he   0 .094- inch   d i ame te r  

Cb-1Zr a l l o y  wire (MCN 07A-034-01) w a s  s l i g h t l y   a b o v e   t h e   s p e c i f i c a t i o n  

limits: t h e  wire was c o n s i d e r e d   a c c e p t a b l e   f o r  i ts i n t e n d e d   u s e   a s  

weld f i l l e r   m a t e r i a l .   A l s o ,   t h e   0 . 0 9 4 - i n c h   d i a m e t e r  T-111 a l l o y  wire 

(MCN 07A-015-01)  which  was  found t o  be i n   t h e   c o l d  worked c o n d i t i o n  

w a s  a c c e p t a b l e   s i n c e  i t s  in t ended   u se  is weld f i l l e r   m a t e r i a l .  

The l a r g e   v a r i a t i o n s   i n   g r a i n   s i z e   a n d   p e r c e n t   r e c r y s t a l l i z a t i o n  

f o u n d   i n   t h e  3 .O-inch  diameter T-111 a l l o y   r o d  (MCN 07A-017-01) were 

a c c e p t e d   b e c a u s e   t h e   t h i n n e s t   s e c t i o n s   i n   t h e   f i n a l  nlachined pa r t ,  t h e  

v a l v e  body o u t l e t ,  w i l l  s t i l l  have a s u f f i c i e n t  number of g r a i n s   a c r o s s  

t h e   w a l l   i n   t h e   t h i n n e s t   d i r e c t i o n   t o  be s t r u c t u r a l l y   s o u n d .  

The 0.250-inch  diameter  W-25Re a l l o y   r o d  (MCN 07A-031-01) which 

was found t o  be  100% r e c r y s t a l l i z e d   r a t h e r   t h a n   i n   t h e   p r e f e r r e d  stress 

r e l i e v e d   c o n d i t i o n  was c o n s i d e r e d   a c c e p t a b l e   b e c a u s e   t h e   s t r e n g t h   a n d  

d u c t i l i t y   r e q u i r e m e n t s   i n  i ts  u l t i m a t e   u s e  as t h e   v a l v e   p l u g   p i n   a r e  

ve ry   modes t   fo r  W-25Re a l l o y .  

* 
S p e c i f i c a t i o n   r e q u i r e s  270 ppm oxygen maximum; wire analyzed  276  and 
290 ppm. 
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TABLE X X I I  RESULTS OF QUALITY ASSURANCE TEST PROGRAM 

I-111 

I D  

I.. 

Tom 

T.. 

h e  

I.. 

1.. 

mo 

Tam 

Tea 

I.. 

Tee 

I.. 

1" 

I.. 

I.. 

1.. 

I.. 

I.. 



TABLE XXII. RESULTS OF QUALITY ASSURANCE TEST PROGRAM (COW.) 

Vnb C h y I  

I= 
L.t 

lII"I833 

uo.O 

s m  

uoa 

uo.O 

l n - w l r n  

111-D-I1lo 

-0 

Ill-B-IrlO 

1II-D-I.Io 

"a-n-a 

"1I 

LLzI-ao 

L U I - I 3  

lu 7- 

lm 14u 

lm 74n 

lm 7878 

""""""""_ 
.e-m 

""""""""_ 

""""""""_ 
( a )  

( 1 )  

( 2 )  

"- 
I" 

"" 

"" 

"" 

"" 



TABLE XXII. RESULTS OF QUALITY ASSURANCE  TEST PROGRAM (CON .) 



TABLE XXIII. CHEMICAL ANALYSIS OF REFRACTORY ALLOY MILL PRODUCTS AND CERMETS 

0 
L. 
m - = 

W 

!! 
L. 
100 - 

Y 
bl 

I, 

0.BI  

I, 

1 . 0  0.0175'' I 12.0" x lS.373- 

0.0175- I 11.0'' x lS.730' 

5 
Y) 

I .a 

0." s 12.0'' I 12.0- 

0.5" , 6.0" x 13.0" 



Vendor 
C.E.  
Vendor 
G . E .  
v.ndC.r 
Vendor 
Vendor 
G . I .  
V."dOr 

G.C.  
Vendor 



MILL  PRODUCTS  AND  CERMETS  (CONT. ) TABLE XXIII. CHEMICAL ANALYSIS OF REFRACTORY  ALLOY 

- IO 
10 
I 

<I 

"""" 

6.1. 
v.n4or 

V.DdDr 

V.OdO. 

V.ndO* 

G.I. 
V.C,dOl 
V.DWr 
G.I. 

"" - "- 

""_" """" 

"" "" 

1 L. L. 
10 75 - 7.0-S.0 - 
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TA13LE XXIII. CHEMICAL ANALYSIS OF REFRACTORT .-\LLOS MILL PRODUCTS  AND  CERM?XS (Corn.) 

n1sv 

R. 



TABLE XXIV. MECHANICAL PROPERTIES & G R A I N  S I Z E  OF REFRACTORY  ALLOY MILL PRODUCTS 

1179 

01145 

5191 

11loo 

91 1-70559 

51200 

'115 

5155 

2400*1/1 hr 

1200.111 ar 

14W.?ll hr 

- 97 5-8 

- m 5 4  - . _  
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TABLE XXIV. IdECtli\?llC.4L PROPERTIES & GRAIN S IZE OF REFRACTORY A L L O Y  MILL RRODUCTS (CONT.) 
__. - 



4119 

T - I l l  

4mAn S l l C  

A 1 1 U  81101 

10-rn 

TABLE X X I V .  MECHANICAL PROPERTIES 6: GRAIN SIZE OF REFRACTORY ALLOY hlILL PRODUCTS (CONT.) 
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TABLE XXIV.  MECHANICAL  PROPERTIES bi GRAIN  SIZE OF REFRACTORY  ALLOT MILL  PRODUCTS (CONT.1 



TABLE  XXV.  RESULTS OF NONDESTRUCI'IVE QUALITY  ASSURANCE TESTS OF REFRACTORY ALLOY MILL ..PRODUCTS AND CERliaS 



TABLE XXV. RESULTS OF NONDESTRUCTIVE  QUALITS  ASSURANCE TQSTS OF REFRACTORY ALLOY \:ILL PRODUCTS AND CERMETS. - (C0YT.T.) 

I 

" 

I 

" 



TABLE X X V I .  SUMMARY OF OVERALL QUALITY  ASSURANCE TEST RESULTS 



The f a i l u r e  of t h e   d e n s i t i e s  of t h e  TIC-1OCb cermet v a l v e  seats 

(MCN 07A-024-(1-10) t o  meet t h e   s p e c i f i c a t i o n   r e q u i r e m e n t s  was found 

by f u r t h e r   s t u d y   t o   b e   t h e  resu l t  of t o o   s t r i n g e n t   d e n s i t y   r e q u i r e m e n t s  

i n   t h e   s p e c i f i c a t i o n .  The d e n s i t y   r e q u i r e m e n t   i n   t h e   s p e c i f i c a t i o n  was 

d e t e r m i n e d   f r o m   v e r y   l i m i t e d   d a t a   a n d   t h e   s p e c i m e n s   f r o m   w h i c h   t h i s  

d a t a  was ob ta ined  were found t o   c o n t a i n   s u f f i c i e n t   t u n g s t e n   t o   e f f e c t  

the   dens i ty   measurements .  The  more r e c e n t  Tic-1OCb cermet va lve  seats 

had a much lower   t ungs t en   con ten t   and   t he re fo re  a l o w e r   d e n s i t y .  A 

comparison  of   the  measured  bulk  densi ty  of t h e   v a l v e   s e a t s   w i t h  a 

t h e o r e t i c a l   d e n s i t y ,   d e t e r m i n a t i o n  by x - r a y   d i f f r a c t i o n ,  showed t h e  

d e n s i t y   o f   t h e   v a l v e   s e a t s   t o   b e   9 5 . 3 %  of t h e   t h e o r e t i c a l   d e n s i t y .  

Th i s  would g e n e r a l l y  be c o n s i d e r e d   a n   a c c e p t a b l e   d e n s i t y   f o r   t h i s  

t ype  of m a t e r i a l .  However, t he   i nhe ren t ly   h igh   oxygen   con ten t  of t h e  

Tic-1OCb cermet va lve  seats resu l ted  i n   t h e   n e c e s s i t y   t o   r e p l a c e  them 

by unal loyed  rhenium (MCN 07A-033-(1-3).  The  Tic-1OCb v a l v e   s e a t s  

wi th   h igh   oxygen   conten t  were found t o   u n d e r g o   s i g n i f i c a n t   c o r r o s i o n  

when p l a c e d   i n   c o n t a c t   w i t h   l i t h i u m  a t  e l e v a t e d   t e m p e r a t u r e s .  
* 

& * 
Appendix A 
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APPENDIX D 

BRITTLE BEHAVIOR OBSERVED I N  T-111 PIPING R W V E D  
FROM THE VALVE LOOP FOLLOWING  TESTING 

I n   a d d i t i o n   t o   t h e   p l a n n e d   p o s t t e s t   e v a l u a t i o n   o f   t h e   V a l v e  Loop, 

a  number  of  T-111 tubing   segments  were removed  f rom  the  valve  assembly 

a n d   f l a t t e n e d   t o   q u a l i t a t i v e l y   m e a s u r e   t h e i r   d u c t i l i t y ,  It was s u r p r i s i n g  

t o   f i n d   t h a t   a l l   t h e  T-111 specimens were b r i t t l e  and   c r acked   w i th   ve ry  

l i t t l e  de fo rma t ion   o f   t he   t ube   s egmen t s .  

The t h r e e   s p e c i m e n s   t e s t e d  were removed  from t h e   v a l v e   a s s e m b l y   a s  

shown i n   F i g u r e  72. Specimen A was  a h a l f   r i n g   s e g m e n t   c o n t a i n i n g   t h e  

C b - 1 Z r  t o  T-111 w e l d   t r a n s i t i o n   j o i n t .   S p e c i m e n  B was  a f u l l   r i n g   t u b i n g  

segment a t   t h e   m e t e r i n g   v a l v e   i n l e t .   S p e c i m e n  C was a l s o  a f u l l   r i n g  

tub ing   segment   removed  f rom  the   p ip ing   be tween  the   meter ing   va lve   and  

t h e   i s o l a t i o n   v a l v e .  

The T- l l l /Cb- lZr   weld   jo in t   spec imen is shown b e f o r e   a n d   a f t e r  

f l a t t e n i n g   i n   F i g u r e  73. Cracking  occurred  a lmost   immediately  upon  load-  

ing   and ,   a s   can  be s e e n   i n   F i g u r e  73, o n l y   o c c u r r e d   i n   t h e  T-111.  The 

c r a c k   s t o p p e d   a t   t h e  Cb-1Zr weld  nugget .  

The   t ube   spec imen   f rom  the   me te r ing   va lve   i n l e t   c r acked   i n   t h ree  

p i e c e s ,   a s  shown i n   F i g u r e  74,  a g a i n   w i t h   v e r y  l i t t l e  deformat ion .  I t  

was d i f f i c u l t   t o   a s c e r t a i n   a s   t o   w h e t h e r   t h e  cracks i n i t i a t e d   a t   t h e  

tub ing  I D  o r  OD. 

The t u b e  spec imen   f rom  the   p ip ing   be tween   t he   va lves   c r acked   a s  shown 

i n   F i g u r e  7 5 .  This  specimen  deformed  to a g r e a t e r   d e g r e e   b e f o r e   c r a c k i n g .  

C l o s e r   e x a m i n a t i o n   o f   t h e   t u b e   e n d   i n d i c a t e d   t h e   c r a c k s   i n i t i a t e   a t   b o t h  

t h e  I D  and OD w h e r e   t h e   t e n s i l e   f o r c e s   a r e   g r e a t e s t   d u r i n g   f l a t t e n i n g .  

The c a u s e   o f   t h i s   b r i t t l e   b e h a v i o r  is unknown a l though  it is sus- 

p e c t e d   t o   b e   a s s o c i a t e d   w i t h   a n   a g i n g   r e a c t i o n .  A l l  t h e  T-111 specimens 

had  been  heated a t  1900°F f o r  3500 hours  i n  t h e   l o o p  test. A d d i t i o n a l  

e v a l u a t i o n  would  need t o  b e   p e r f o r m e d   t o   e l u c i d a t e   t h e   c a u s e   o f   t h i s  

bri t t le behavior .  
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Figure  72.  Metering  and  Isolation  Valve  Assembly  As-Removed  from  the  Loop  Upon  Completion 
of 5000 Hours  of  Testing  Showing  Location of Specimens  Removed  for  Bend  Testing. 
(Orig.  P63-7-42C) 



Figure 73. T-lIl/Cb-lZr Transition  Weld  Showing  a  Crack in the T-111 as a 
Result  of  Flattening  After 5000 Hours  of  Testing in the  High 
Temperature  Alkali  Metal  Valve  Loop.  (Specimen  A - Figure 1) 

153: . .  . 



Figure 7 4 .  T-111 Tubing  from  the  Metering  Valve  Inlet  Which  Cracked as a 
Result of Flattening  After 5000 Hours of Testing i n  the High 
Temperature Alkali Metal  Valve Loop. (Specimen B - Figure 1) 
(P70-64C) 
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Figure 75. T-111 Tubing from  the Line  Between the Metering  and"Iso1ation  Valves 
Which  Cracked  as  a Result of Flattening  After 5000 Hours of Testing  in 
the  High  Temperature  Alkali  Metal  Valve Loop. 


